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THAT SOLVES TEXTILE MILL PROBLEMS 
ON A PRACTICAL, WORKABLE BASIS 


HE RESEARCH PROGRAM of the United 

States Testing Company, Inc., is designed as a 
practical adjunct to progressive mill operation. It is 
designed to pay for itself on a dollars-and-cents 
basis . . . for it functions under the direction of 
expert cextile engineers, chemists, and technicians 
who have actually been “through the mill” them- 
selves. 

Here is a single example of the many problems 
we have solved for textile mills. A fabric manu- 
facturer reported the appearance of spots of un- 
known origin on his fabrics. His own laboratory, 
after cesting all the organic compounds used in 
processing, was unable to trace the cause. 

By means of the Spectrograph, Testing Company 
technicians discovered the presence of lead in and 


‘Textile 
Division 


near the sported areas. Further investigation showed 
that the spots were caused by lead coated wire 


” baskets used in the manvfacturing process as car- 


riers. Upon our recommendation, zinc coated car- 
riers were substituted, and the spotting immediately 
disappeared. 

If you are faced with sicailar problems relating 
to textile manufacture, regardless of their nature, 
we invite inquiries. We shall be glad co discuss the 
possible application of Research to your problems 
without obligation on your part. 
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Mechanics of Elastic Performance of Textile a 
Materials 


Part IV: Some Aspects of Stress Analysis of Textile 
Structures—Staple-Fiber Yarns* 


Milton M. Platt ie 
Fabric Research Laboratories, Inc., Boston, Massachusetts 


Abstract 


rhe study of the influence of textile geometry upon textile structure performance is extended 
to staple-fiber yarns. Methods previously developed for continuous-hlament yarns (6) are applied 
to determine the theoretical dependency of staple-yarn tensile characteristics upon the stress dis 
tribution, and modifications thereof introduced by yarn twist, size, staple length, and inherent 
fiber properties. Both one-time loading to rupture and repeated-stress properties of acetate rayon 
and cotton yarns of various geometries are considered, and conyparisons are made between experi 
mental and theoretical data 


Introduction necessary and advantageous as a starting point 


(a) in order to establish sound testing techniques 


This work, concerned with the elastic character- 
whereby the complicating variables of staple length 


istics of staple-fiber yarns, follows as a_ logical 


and friction considerations wouk e ke at 
extension of previously reported work [6] on similar “ | msider s would be kept at a 


properties of continuous-filament§ yarns. While minimum; (6) because continuous-filament yarns 


from a military point of view the study of staple “ tually represent a special case of an infinitely long 


: . . staple: (c) because the study of continuous-fil: ; 
yarns is apparently of major importance (staple- \¢ study of continuous-flament 


fiber varns are utilized in about 85°), of service yarns, since they are simpler than staple-fiber yarns, 


fabrics), the study of continuous-filament yarns was has resulted in the development of working hy- 


potheses which, as will be shown, aid in the under- | 
* Parts I and II of this series were published in the Feb- standing of staple-varn characteristics. 
ruary and December, 1948, issues, respectively, and Part III 
in the January, 1950, issue of TEXTILE RESEARCH JOURNAI 


Part V appears in this issue, page 539 rayon, although it must be recognized that this 


The principal material being -studied is acetate 
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product serves purely as a convenient tool in the 
long-range phase of a research which is concerned 
with studying the influence of textile geometry on 
the translation of fiber properties into textile struc 
tures. Whenever practical from the point of view 
of time, the ideas developed are checked against 
other materials except where common knowledge 
and experience immediately indicate that such ma- 
terials behave in a manner similar to that found for 
the acetate rayou 

It may be of advantage to discuss briefly the 
necessity for studying varn characteristics since the 
ultimate use of fibers is made in the torm of fabrics 
and not in yarns. Philosophically, it should be 
apparent that hbers tind their way into conventional 
fabrics only in the form of yarns, and, unless proved 
otherwise, fabric characteristics should be more 
greatly dependent upon yarn characteristics than 
upon fiber characteristics. Hence, if fiber proper- 
ties can be at all modified when the fibers are put 
into varns, the necessity lor studying yarns becomes 
apparent. From a practical standpoint, material 
in the literature demonstrates that the influence of 
changes in yarn construction on fabric properties 
can be important. Hamburger [2] and Hicks and 
Scroggie [4] showed that abrasion-resistance can 
be markedly influenced by such yarn geometrical 
parameters as filament denier, yarn denier, and 
yarn twist, even though inherent fiber properties 
are maintained constant. Gruntfest and Gagliardi 
{1| have indicated the importance of maintaining 
the multi-filamentous character of a yarn if a 
crease-resistant finish apphed to a tabric tis to be 
successful. In ike manner, Schieter ef a/. [7] have 
indicated yarn yeometry to be important where 
such properties as “fabric assistance’ are consid 
ered Finally, it is obviously of advantage to 
determine whether and to what extent tabric prop- 
erties are dependent upon yarn geometry, since 
even those results which indicate no interdependence 
serve to simplify this compheated problem 

\s will be demonstrated in the main body of this 
report, the attainment of a rigorous mathematical 
treatment, such as has been developed for continu 
ous-hlament varns [6], appears, because of extreme 
complications, to dety all effort for the case ot 
staple fiber varns However, this does not obviate 
either the compilation of useful quantitative data 
on the properties of staple varns or the semi-quan 


titative explanation of the performance of staple 
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yarns based partially upon continuous-filament yarn 
pertormance. 


A. General 


Phe study of the influence of textile geometry on 


textile performance becomes exceedingly compli- 


cated once staple-fiber yarns are brought into con- 
sideration \ multitude of reasons exist for this 
situation, two of the most important ot which are 


1. Laboratory investigations of such inherent 
properties as tiber-to-fiber friction and its variation 
with mechanical considerations, such as pressure, 
strength, staple length, etc., have never been fully 
undertaken or successfully carried out 

2. The geometry of so seemingly simple a struc- 
ture as a staple-fiber yarn is in reality a very 
complex one, markedly influenced by the method of 
manutacture 


\s will be indicated later, both of the above con- 
siderations play an important part in textile per- 
formance, and therefore complete solutions to the 
problem of staple-yarn characteristics must await 
further studies. Nevertheless, it is possible to studs 
the results of investigations of properties which 
are dependent on such variables as those men- 
tioned above, and to rationalize these results on the 
basis of similar properties of continuous-filament 
yarns whose inherent fiber properties duplicate those 


ot the staple-hber vVarns 


B. Materials Studied 
I. Acetate Rayon—3 Denier per Filament, 300-Denier 
Yurns 

It was planned to place the major emphasis of 
the work on this material. To that end, the same 
continuous-filament acetate tow previously studied 
6} was cut to a variety of staple lengths which 
would include that corresponding toa long-staple 
cotton. Staple arrays indicated that, utilizing the 
processing equipment available at the time, only 
tber lengths up to 2} in. could be processed mto 
varn without severe stretching and, in some cases, 
without tensile rupture of some of the fibers 
Longer fiber lengths produced staple arrays which 
were exceedingly non-uniform—e.g., tow cut to 6 in. 
produced yarns whose arrays contained fibers of 
lengths from 0 to 8 in., the mean being approxi- 
mately 3.75in. Hence, only 14-in. and 24-in. staple 
varns were studied. The arrays for the 1}-in. and 
the 2}-in. staple yarns (Figure 1) indicate the uni- 
formity of fiber lengths within the processed yarns. 
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For both fiber lengths, varns of 11.0, 15.0, 19.0, 
23.0, and 27.0 turns per inch (t.p.i.) were spun. 


As a check on the effects of processing on fiber 
properties, samples of fibers removed from the yarns 
were tested for their flat-bundle strengths, yielding 
the results shown in Table I. 

Statistical analvsis showed the difference between 
the three strengths in Table | to be insignificant, 
and it was concluded that substantially the same 
fibers exist in all 3 varns. Hence, differences in 
yarn properties will exist only on the basis of differ- 
ences in 


varn geometry and not because of differ- 


ences in inherent fiber properties. 


II. Cotton 


Conclusions for the acetate varns have been 
checked against a non-pedigreed cotton yarn, 13.8's 


nominal cotton count, spun to various twists. 


C. Effects of Yarn Geometry on Stress-Strain 
Characteristics 

Continuous-Filament Yarns 

It has been shown in previous work [6] that the 
elastic properties, including the rupture character- 
istics, of continuous-flament yarns are predictable 
once the inherent elastic characteristics of the fiber, 
the the 


Deviations in the elastic 


varn size, and varn twist (surface helix 


char- 
acteristics, under tensile load, of yarns with different 


angle) are known. 


geometries have been shown to arise purely as a 
result of changes in the stress distribution amongst 
the fibers because of the geometry. 

Ihe stress distribution is affected by twist in two 
ways, the first effect termed the *‘ omponent effec 
and the second the “serigraph effect.” 

The component effect refers to the fact that the 
axial tensile load on a yarn is the resultant, along 


the yarn axis, of the components ol axial tensions 


2.50° STAPLE 430° STAPLE 


FIGURE f STAPLE ARRAYS OF ACETATE YARNS 


TABLE 1. Srrencrus oF Fisers YARNS 


Yarn Staple Length 


2} in 
in 


flame nt 


Flat-Bundle Strength* 


0.460 
0.480 


Contin 0.520 


* Pounds of tensile strength per mg. of fiber weight, cor 


rected to a 2-in.-long sample 
in the fibers. Since the sum of these components 
never can exceed the scalar sum of the fiber ten- 
sions, it is apparent that for two yarns with equal 
tensions the fibers in that varn having the greater 
helix angle would be under more tension than the 
The 


higher the yarn twist the greater the fiber tensions 


fibers in the varn with the smaller helix angle. 
for any given yarn load, The component effect is 
independent of the inherent properties of the fiber, 
depending only upon the yarn geometry 

rhe serigraph effect, on the other hand, depends 
upon inherent fiber properties for its magnitude, 
even though it arises as a result of varn geometry 
It inter-relates the effects of varn geometry on the 
the 


It has been shown [6] that when a yarn ts 


distribution of strains and stresses amongst 
fibers. 
extended any given amount the variation in strains 
amongst the fibers is such that the more inclined the 
fibers to the yvarn axis (the greater the helix angle) 
the less the fiber strain and hence the less the fiber 
stress. While the variation in strains is fixed by 
the yarn geometry, the magnitude of the variation 
in stresses amongst the fibers is uniquely related to 
the basic elastic characteristics of the fibers as given 


The 


higher the tangent moculi to the stress-strain curve 


by the shape of the stress-strain diagrams 


the greater the variation in stresses, and conversely. 

The most important point to consider with re- 
spect to the serigraph effect in continuous-filament 
yarns, where the fibers lie in helical paths with little 
or no crimp, is that the yarn elongation at any load 
is the result of changes in the lengths of the fibers. 
Not only is this true for the elongations in a one- 
time loading to rupture of the yarn but it is also 
true for repeated stressing and the elastic constants 
obtained therefrom 1.€., ondary « reep, corrects d 
residual elongation, elastic performance coefficient, 
et This, however, does not imply that any defor- 
mation of a singles continuous-filament yarn reflects 
a precisely equal fiber deformation. On the con- 
trary, it has been shown [6] that the effect of twist 
on the elastic 


properties of continuous-filament 


yarns is dependent upon differentiating between 
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yarn elongation and fiber elongations. The main 
point is that the elongation of any fiber is directly 
dependent upon and, moreover, proportional to, the 
yarn elongation, the constant of proportionality 
being the cosine or (cosine)*® of the helix angle for 
elongation or strain (unit elongation), respectively 
(Figure 2). Hence, for continuous-filament varns, 
yarn elongation reflects fiber elongation moditied by 
yarn geometry. All varn deformations result from 


rigid body deformations of the fibers The situa- 


tion is illustrated by the set of curves given in 


Figure 3. The use of these curves is explained by 


interpreting the meaning of the point marked “X” 
on the figure. This point signifies that if a multi- 
filament yarn possesses a surface helix angle of 60° 
when the yarn is subjected to any given strain, 
say e,, then 40°; of the total fibers in this yarn are 
strained between the limits of 0.45 e, and ¢,, while 
the remaiming 6067 of the fibers are strained be- 


tween 0.25 ¢, and 0.45 6,, and similarly for other 


points 


While the curves in Figure 3 may be used as 


described above, they have been presented chiefly 


an to emphasize that when a continuous-flament yarn’ 
is stretched, all the fibers which comprise the yarn 


are elongated in proportion to the yarn stretch, or, 
conversely, the elongation of fibers produces the 
yarn elongation. Hence, permanent set of fibers 
| results in permanent set of the varn, and similarly 

for the other criteria of elastic properties as indi- 


cated by the performance under repeated stressing. 
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FIGURE 2 


STRAINS IN TWISTED YARNS 
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\ mathematical treatment of the foregoing has 
led the 
effects of yarn form factors on the tensile properties 


to the following conclusions relevant to 


ol singles continuous-filament varns: 


(a) The major varn form factors to be considered 
are the helix angles of the fibers in the varn. 

(6) The elongation to rupture of the most stressed 
fibers in yarns made of the same fiber is the same, 
regardless of yarn twists. For a uniform yarn 
geometry, wherein the fibers lie in the yarn in a 
true helix, with little or no crimp, this implies that 
yarn elongation to rupture is constant for singles 
yarns having different twist. 

(c) At any strain, the following equation holds 


for the load being supported by the yarn: 


R 
P 


(P is yarn load, R is yarn radius, f is stress intensity 


rdr 


+ 4a? (1) 


in the yarn at distance 7 from yarn center, result- 
ing from the strain, Vis yarn twist). Equation (1), 
derived trom static composition of forces, applies 
to any singles yarn, staple or continuous, and 
the Its 


applicability is limited only by the assumption of a 


is independent of nature of the fiber. 


uniform circular yarn whose fibers lie in’ perfect 


helices. Equation (1) is the analytic form of the 


“component effect.” 


FIGURE 3 
DISTRIBUTION OF FIBER ELONGAT/ON 
SINGLES CONTINUOUS FILAMENT YAANS 
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(d) The distribution of stresses, f, can be deter- 
mined from the geometry of the varn and the fiber 
stress-strain curve. Figure 2 shows how strains are 
distributed throughout the yarn in accordance with 
the fiber helix angles, and it is clear that from these 
strains and the stress-strain diagram of the yarn 
the stress distribution can be determined. In par- 
ticular, when one is considering the loads at varn 
rupture for a yarn whose fiber stress-strain diagram 
can be considered as approximately linear at rup- 
ture,* the stress distribution will be of the following 
form 

A 


f= 4 B 


where all symbols have the same meaning as in 
equation (1) and A and B are constants for the fiber, 
determined from its stress-strain diagram. Equa- 
tion (2) isa mathematical statement of the serigraph 
effect, and it is obvious from the foregoing that its 
magnitude depends upon the inherent properties of 
the fiber as well as upon the yarn geometry. 

(e) Combination of the component and serigraph 
effects leads to the following parabolic equation for 
the relationship between yarn strength and yarn 
twist: 


P = Py — K*N°R’, (3) 


where Pp» is the strength of the zero-twist varn and 
K is a constant determined from the shape of the 
stress-strain curve for the fibers in the yarn. 
Strictly speaking, the form of equation (3) holds 
only when fibers are involved whose stress-strain 
diagrams are linear in the rupture region, but it can 
also be used for curve shapes other than linear ones 
when calculations need be only approximate. 

(f) At corresponding loads below rupture, the 
elongation increases as the yarn twist increases. 

(g) The energy absorption to rupture falls off 
parabolically with twist. 

In the sections which follow, it will be shown that 
staple-fiber yarns exhibit the same general charac- 
teristics as those mentioned above, in the regions 
of twist greater than the optimum twist. 


II. Staple-Fiber Yarns 


When the stress-strain properties of staple-fiber 


varn are considered, the situation becomes more 


complex for the following principal reasons 


* This is the case for continuous-filament acetate and viscose 


when studied at constant rate of load 
stress-strain curve in the rupture region 


Nylon has a parabolic 
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a) The basic yarn geometry is irregular in the 
sense that whereas the fibers in continuous-hlament 
yarns can be considered to lie in perfect helical 
paths with little error, reports in the literature indi- 
cate a random entanglement of fibers in a staple 


Peirce has stated [5] @n effective 


yarn. 
geometry of varn structure awaits the ‘theory of 
the random tangle,’ which has not vet been devel- 
oped."” Whether or not complete entanglement 
exists in staple-fiber yarns is not known, nor is it 
known that the magnitude of the effects of hber 
entanglement is necessarily high—that is to say, 
while entanglement is necessary for cohesion, its 
effect on the other mechanical properties of yarns 
may not be great. 

(b) The deformation present in staple-fhber varns 
does not necessarily retlect the deformation in the 


While it was 


previously indicated that for a continuous-flament 


hbers which compose those yarns 


yarn the elongation is the result of definite fiber 
elongations (1.e., rigid body deformation), since each 
fiber is continuous from end to end of the yarn, a 
similar situation exists only in part for staple-fiber 
yarns. 

(c) The types of deformation existing in staple- 
fiber varns vary considerably with the gage length of 
the yarn. For continuous-filament yarns, changes 
in gage length affect the tensile characteristics only 
in accordance with whatever changes in rate of load 
or strain are involved, and also by the presence ot 
weak spots in accordance w ith the theories of Peir« c 


and others of the ‘‘weakest link.” 


Staple-fiber Varns are also subject to the above 
effects, but, in addition, one must consider the dis- 
tribution of continuous vs. discontinuous fibers 
within the varn Phis factor is marked at low gage 
lengths, and would, of course, be representative of 
what occurs in a fabric, where the spacing of yarn 
intersections is of the order of magnitude of yarn 
diameter, and the cross-threads can act as “‘pseudo- 
jaws.” 

\ semi-quantitative treatment of length effects 


may be made as follows: 


(1) At essentially zero varn length (very close 
jaw seperation), all of the fibers in the yarn cross 
section will be continuous from end to end of the 
yarn 

2) At yarn lengths in excess of the staple length 
a ratio of gage length to staple length in excess of 


1), none of the fibers are continuous, 
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(3) For gage lengths less than the staple length, 
the fractional number of discontinuous fibers would 


gage length 


be proportional to the ratio This is 


staple length 
obviously what would be expected, statistically, on 
the basis of a random spacial distribution of fiber 
lengths in a yarn, when the staple length is uniform. 

Samples of cordage yarn, of approximately 45,000 
denier, with about 120-150 fibers per varn were 
examined at various gage lengths in order to deter- 
mine whether the distribution of continuous and 


discontinuous fibers would actually with 


} 


comply 


considerations (a), (6), and (c), above. Cordage 
yarns, since they are comprised of very large tibers, 
are easy to handle, and were found to be a con- 
vernent expe dient for che king these considerations 
The plots representing the distribution of fiber 
lengths are given in Graph |, in which the two 
plots represent fiber which was cut to 40-50 in, by 
hand and fiber cut to 24-30 in. by hand also. — It is 
clearly seen that for both varns the following dis- 


tribution laws exist 


| 
C = 100 (1 ) for 1 4) 
and 
(BE) 1 5) 
s.1./ 
where C ©) continuous fibers, S ) discontin- 


uous hibers, g.l gage length, and _ staple 
length 

For ratios of gage length to staple length greater 
than 1,C = Oand 1000; 
5) mav be used in considering the strength of 
lengths 


strength contribution of a fiber in the discontinuous 


staple yarns at short gage is the 


(staple) fiber phase and C, is the strength contribu- 


tion of a fber in the continuous phase of a staple 


SPECIMEN LENCTN INCHES 


Equations (4) and 
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FIGURE ¢ THEORETICAL STAPLE YARN STRENGTH 
VERSUS GAGE LENGTH 
> 
~ 
= 
~ 


0 as 40 15 20 
GAGE LENGTH/SSTAPLE LENGTH 


varn having 7 total fibers in a cross section, it is 
apparent that: 


Yarn strength C, X& (no. of continuous fibers) 
+ S. & (no. of discontinuous 


fibers) 6) 


r|C. = 8) 
The quantity C, represents the tnherent strength ot 
a single fiber, while S, represents the strength im- 
parted by a single fiber as it exists in a staple-fiber 
t.e., the maximum friction per fiber 


yarn 


tion (8) states that a plot of staple-varn strength 
vs. gage length should be composed ol two straight 
lines, as shown diagrammatically in Figure 4. In 


Graph 2 is given experimental verification of equa- 
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tion (8). Here, all points, except that for 0 gage 
length, were experimentally determined as the aver- 
age of 25 breaks per point. The point at 0 gage 
length was calculated from an equation previously 
given [6] for continuous-filament varn strengths. 
The two: straight lines represent the theoretical 
curve obtained from equation (8) and the yarn 
staple length. Spot checks were also made of the 
strength of 300 104 continuous-filament acetate 
yarn with both 12.0 and 24.0 t.p.i. at gage lengths 
of $ in., 5 in., and 20 in., and the over-all loss in 
strength from low to high gage length was of the 
order of only 4° 

When load is applied to a staple-fiber yarn, every 
filament is stressed in accordance with whatever 
stress distribution exists within the yarn cross sec- 
tion, and hence strains compatible with these 
stresses must also exist. However, since fibers are 
joined longitudinally to other fibers only as the 
result of frictional forces, it is apparent that the 
sliding of fibers past each other increases the total 
elongation at a given load beyond that which would 
obtain if only inherent fiber elongation were con- 


sidered. In other words, the total elongation at a 
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given load for a staple-fiber varn is the result of the 


following two factors 


(1) Rigid Body Detormation: This ts the actual 
elongation of the fibers within the yarn, which 
depends upon load and yarn twist in the same 
veneral manner as is the case for fibers in a con- 
tinuous-hlament varn. 

(2) Rigid Body Translation: Simultaneous with 
extension of the fibers under a given tensile load 
there is an actual movement of the fibers past each 
other whenever the force (tension) which must be 
transmitted longitudinally from one fiber. to another 
exceeds the maximum friction force capable of being 
developed by the overlap between fibers The 
slippage characteristics depend upon the magnitude 
of the tensile load on the yarn, the varn twist, the 
fiber staple length, the gage length of the test spect- 
men, the number and type of points of contact be- 
tween fibers, and the coefficient of friction 

Graphs 3 and 4 illustrate the effect of staple 
length on the slippage. Here are shown the stress- 
strain diagrams of both the continuous-filament 
and the staple-fiber acetate yarns of 12 and 24 t.p.i. 


For both twists, it can be seen that at any given 
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load, the elongation increases with decrease in staple 
length The difference in elongations amongst the 
yarns reflects differences in slippage, and, as would 
be anti ipated, the longer st iple, since It possesses 
a greater degree ot ove rlap ot the fibers, shows less 


slippage than the shorter staple 


D. Stress Analysis of Staple-Fiber Yarns 
/ Geometry 


The complexities of staple-yarn geometry have 
already been discussed. The stress analysis of the 
structure, however, demands the assumption of a 
which it is possible to handle mathe- 

Hence, the 


al form of the yarn will be made, with 


geometry 


matically. following assumptions of 
geometru 
recognition of the fact that the picture presented is 
ideal. It remains for comparison between theoreti- 
cal and experimental results to determine whether 
deviations of the ideal from the actual geometry 
seriously impair the utility of the results. The 
following assumptions will be made: 

(a) The varn is uniform along its length, and its 
cross-sectional outline is circular. 


b) All 


properties, and are circular in cross section. 


fibers within a yarn possess the same 


(c) The center line of each fiber lies in a pertect 
helix, with the center of the helix located at the 
center of the varn cross section. 

(d) The fibers fall into a rotationally svmmetri 
array in cross-sectional view 

(e) The diameter of the yarn is large compared 
with the fiber diameter 

These 
which were made for 


the 
the analysis of continuous- 


assumptions are exactly same ones 
filament yarns 

\s has been previously stated, the component 
effect, deseribed by equation (1), ts independent ot 
the nature of the fiber and whether or not the varn 
is made of continuous filaments or staple fibers; 
it depends only upon the geometrical array of fibers 
1) may be applied 


in the varn, Hence, equation 


to staple yarns, and is repeated below as equa- 


P f rdr 9 


for continuous-hlament varns, it 


tion (9) 


\s was the case 
is indicated by equation (9) that, for staple varns, 


when the same axial yarn tension P ts applied to 


two varns the one having the higher twist will be 


. Strain. 


oo 
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subjected to the greater fiber tensions ‘f).  Simi- 
larly, for equal fiber tensions, the varn of higher 
twist will be supporting the lower yarn tension (P). 

rhe yarn geometry giving rise to equation (9) is 


illustrated in Figure §. 


II. Analysis of Strains 


From what has already been discussed, it is clear 
that in so far as staple varns are concerned the 
concept of fiber strains, ordinarily considered to be 
change in length between two gage marks a unit 
distance apart along the fiber axis, must be modified 
to include fiber slippage. Only in the case of staple 
yarns of zero gage length is it possible for a change 
in varn length to be associated with true fiber 
For actual staple yarns, fiber strains must 
be associated with the total separation in length ol 
two points located at different positions along the 
length of the varn, but always along the same helical 
path at any given yarn cross section. The fiber 
strain can then be defined as equal to this separa- 
tion per unit original length. The original length 
would, of course, exceed the staple length of the 
then, fiber strain 


fibers. Under these conditions, 


would consist of true fiber strain plus fiber slippage. 


\s a result of the foregoing definition of fiber 


strains in staple-fiber yarns, the distribution of 
strains amongst the tibers when the varn is strained 
will duplicate that given in Figure 2 for continuous- 
hlament varns. “Thus, the strain in any fiber, when 


the varn strain is e,, can be written as: 


€ €, Cos? 0 éy/1 + 42° N*r?, (10) 


where @ is the helix angle of the fiber being con- 


sidered. It ts emphasized that both e, and ¢€, con- 


sist not only of changes in length but also of 
slippage of the fiber. 
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I11. Analysis of Stresses 


For the case of continuous-filament yarns, the 
next step in the analysis is to consider any yarn 
elongation, ¢,, and the specific yarn elongation at 
rupture, ¢,,. Then, equation (10) would define the 
strain at any point 7 from the yarn center in terms 
of N, the yarn twist. The stress-strain curve of a 
fiber (or zero-twist yarn) then gives the analyti 
expression for stress in ‘terms of strain, and, hence, 
it is now possible to formulate the stress in terms 
of rand N. The resulting expression for f is then 
substituted into equation (9), which can then be 
integrated to give a formula for the varn tensile 
load in terms of varn radius, R, and yarn twist N. 
It can be shown that for a varn with a linear stress- 
strain curve near rupture, similar to that shown in 


Figure 6, the result of such an analysis is as follows 


If the load-elongation diagram of the fiber or 


zero-twist varn can be written as 
Po = fA =a + be, (11) 


where P» is the load on the fiber or zcro-twist yarn 


FIGURE 6 HYPOTHETICAL STRESS STRAIN 
CURVE OF A FIBER OR A 
ZERO TWIST YARN 


LOAD 


oO STRAIN 


bed 


for an elongation of «, then 
a 
Py In (1 + 
A | (49° 
+ he (12) 


"1+ 


where Py is the load on yarn.of N turns per unit 
length when the varn elongation is ¢. Equation 
(12) can be simplified by expansion of both terms 


into a power series: 
Py = a(l — + be(1 — 4e°N?R*), (13) 


or, at rupture where ¢, = ¢,,, and P,, a + deo, 


Py, = Por — w®N?R*(2a + Aber). (14) 


Equations (12) and (13) represent the equation for 
the load-elongation diagram near rupture for a yarn 
with V turns, made from a fiber or zero-twist yarn 
whose load-elongation diagram is given in equation 
(11). It is apparent that the introduction of twist 
has left unchanged the linearity of the equation 
for the load-elongation diagram. However, exami- 
nation of the factors by which a and be, are multi- 
plied in equations (12) and (13) indicates that both 
the intercept a and the slope b have been reduced, 
so that the load-elongation diagram of the high- 
twist yarn would be positioned differently from that 
of the zero-twist yarn. However, it is possible by 
equations (12) and (13) to correct both a and 4, 
calculated from a curve for a high-twist yarn, to 


those of the same varn with zero twist, as follows: 


ao (lor zero-twist yarn) 
ay (for yarn of any twist) 
(1 
(series expansion), 
do (lor zero-twist yarn) 
ay (lor varn of any twist) 49°.NV°R? 
In (1 + 49° 
(exact expression), (15a) 
by (for zero-twist varn) 
by Gor yarn of any twist) 
1 — 49° 


(series expansion), 


=~ 


» (tor zero-twist varn) 
= by (for varn of any twist) 


(1 + (exact). (15b) 


In the case of continuous-filament yarns, correc- 
tion factors such as those given by equations (15) 


are not necessary, since it is always possible to 
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experimentally determine the load-elongation dia- 
gram of either a fiber or a zero-twist yarn. How- 
ever, for staple-fiber yarns, it is clear that to test 
i fiber would be to completely ignore the slippage 
effect, whereas to rupture a zero-twist yarn would 
be to neglect any cohesion introduced by twisting 
Hence, as will be discussed later, in order to obtain 
iumerical results for staple yarns the correction 
factors of equations (15) must be used. 

equation (14) expresses yarn strength in terms 
of yarn twist. Its applicability to staple-fiber yarns 
will be described later 

With the foregoing concepts and methodology 
described for continuous-filament ya.ns, it is of 
interest to inquire into their applicability to staple- 
fiber yarns. This has already been partially done 
by the discussion relating to the use of the correc- 
tion factors given by equations (15). However, 
there is involved in the use of equations (14) and 
(15) for staple yarns a concept which should be 
further expanded By correcting back to a zero- 
twist yarn, a hypothetical structure is involved 
which is of pertinent interest. This hypothetical 
yarn would therefore be a staple yarn possessing 
the same cohesion between tibers as high-twist yarns 
possess by virtue of their twist, but with no twist 


present. In other words, it is necessary to picture 
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the friction afforded by twist to be produced by, 
say, a cementing material between fibers, the elastic 
characteristics of which duplicate those of whatever 
friction forces are produced by the twist. Thus, 
the yarn would possess the same cohesion as that 
produced by twist, but not at the expense of changes 
in strength or elastic characteristics due to obliquity 
of the fibers. It is this imaginary varn which would 
have the strength P» indicated by equation (14). 
It becomes immediately apparent, then, from equa- 
tion (14), which requires that strength decrease 
continually with twist, that only twists above the 
optimum are to be considered. Furthermore, equa- 
tion (14) indicates that if Py,, the strength of any 
one yarn of twist greater than optimum, is known, 
as are a and A, then it is possible to solve for P.,, 
the strength of the zero-twist varn whose cohesion 
would be the same as that of the high-twist yarn. 
Equation (14) then requires that independent of 
what varn twist is considered, just so long as it is 
above optimum, the fiber-to-fiber cohesion would 
be the same. In other words, at twists higher than 
the optimum no further cohesion is attained by 
further increases in varn twist. This would have 
to be the case if P,, remained constant with twist 
beyond the optimum. As will be seen from the 
experimental results and discussion, this situation 
is realized rather well for both the staple acetate 


varns and the cotton varns studied, and, therefore, 


J00 


250 


/00 


GRAPH 6 
LOAD ELONGATION D/AGRAMS 
FOR 300/104 ACETATE YARNS 
150° STAPLE 


2 6 “4 ‘6 a 20 
PERCENT ELONGATION 


| 
: 
4 
4 
a 
\\ 
3 
3 
200 
9 
3 / 
| 
2 
| 


Aveust, 1950 


by the use of equations (14) and (15) it becomes 
possible to predict the strengths of singles staple 
yarns of twist beyond the optimum if the load- 
elongation diagram of any one yarn beyond opti- 
mum twist is known. 

To recapitulate the procedure for staple yarns 
and its limitations: 

(a) Determine the load-elongation diagram for a 
staple yarn whose twist exceeds the optimum. If 
in the region near rupture the diagram can be 
approximated as linear, determine the intercept a 
and the slope 6 of the curve. 

(b) Using equation (15), correct a and b, so found, 
back to a zero-twist yarn. This establishes the 
load-elongation diagram near rupture for a hypo- 
thetical zero-twist yarn whose cohesion duplicates 
that of all yarns of twist greater than the optimum. 

(c) From equation (14), knowing Py,, the strength 
of the varn whose load-elongation diagram was 
determined in (a) above, and the quantities a and 6, 
it is possible to calculate P,,, the strength of the 
hypothetical zero-twist yarn. This strength, P.,, 
physically represents the total scalar cohesion intro- 
duced by twist, which cohesion is assumed to be 
constant with twist for twists equal to or greater 
than the optimum. 


IV. Application to Acetate Rayon 


In Graphs 5 and 6 are shown representative load- 
elongation diagrams, for different yarn twists, of 
24-in. and 1}-in. staple acetate yarns, respectively. 
It is to be noted from these graphs that, as yarn 
twist increases, the elongation at a given load also 
increases. In addition, it can be seen that, as pre- 
dicted by equation (15), both the intercept and the 
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slope of the load-elongation diagram near rupture 
decrease with increase in yarn twist. All the curves 
can be represented as approximately linear in the 
region near rupture, 

For the calculations which follow, it will be 
assumed that only the load-elongation diagrams ot 
the staple acetates having 11.0 (nominal) t.p.i. are 
known, and the strengths of higher-twist varns will 
be calculated. In addition to those for the 24-in 
and 1}-in. staple, calculations were performed for 
nominal 6-in. and 34-in. staple acetate, both of 
which showed severe fiber rupture during process- 
ing. The calculations tor 14-in. staple are shown 


in Table Il. 


PrABLE 14-Incu Srarte Acetate 300 Denter 
11.0 TurNs Per incu, Nomina Twist 


R? = 18 X 10°* sq. in.® 
yw ='0.15 in. /in, 


Equation of load-elongation diagram (11.0 t.p.i. yarn): 
g 


Py = 138 + 7506 


Correcting a and 6 back to zeto-twist yarn: 


138 138 
a 142; 
(1 a 0.032 
7530 750 
800 


1 tn? 1 0.064 
Py, for yarn S7 


= 257 + = 257 + 12 = 2608 


* The square of the varn radius at rupture (see [6) 


tA Yarn twist at rupture (see [6]), 

Yarn twist Py», Py, (experimental 
11.0 12 257 257 + 14° 
15.0 23 246 258 + 14 
19.0 39 230 248 + 13 
23.0 55 214 235 + 10 
27.0 72 197 198 + 14 


The same procedure as shown in Table Il was 
used for 2}-in., 34-in., and 6-in. staple yarns. The 
results are shown in Graph 7, where experimental 
strengths, each the average of 25 tests, are plotted 
against yarn twist. These experimental data are 
shown as a shaded area, the vertical displacement 
representing the mean experimental strengths plus 
and minus two standard errors, which range gives 
the statistical limits within which the mean can fall 
* + Values represent two standard errors of mean experi 
mental yarn strengths 
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TABLE ttl. oF rox 300-Denter 
Srarpte Acerare YARNS 
Nominal twist 14 in dh in $4 in 6-in 
Lpa x 
11.0 424 410 
18.0 326 327 
19.0 316 345 
240 200 328 327 
170 70 312, 419 
279 415 326 3234 
Standard deviation 90 12 8.6 &9 
Coefhcvent of variation 3.2% 4.8% 2.6% 2.8% 
at the 5° probability level. The unlabeled solid 


lines represent the calculated strengths. The lines 
labeled P,, will be discussed later 
It can be seen from ¢ raph 7 that good agreement 
has been obtained between calculated and experi- 
mental points. In no case did the calculated value 
differ from the experimental mean by more than 
10°). With respect to the statistical limits of ex- 
perimental values, the maximum difference between 
calculated and observed strengths is no greater than 
5°), and this for only 2 points out of a possible 20 
It is now of interest to inquire mto the constane, 
ot P,, with twist increas ys beyond the optimum 
It could be anticipated, since good agreement 
was obtained between calculated and experimental 
strengths, that P., would be tairly constant. How 
ever, it is of value to note whether a trend exists 
for P., with increase in twist beyond the optimum. 
The values of P,, are, of course, calculated from the 
experimental strengths Py, and the theoretical losses 
in strength, (2ay + 4bye,,)a? NER? The data are 
summarized in Table [11 
It can be seen from Table II] that within a given 
staple length the values of P., are fairly constant. 
The coethicients of variation for the various yarns 
are small. When it is recognized that experimental 
strengths, each having its own coethcient of varia- 
tion of about 15°), were used directly in obtaining 
the values of P,,. shown in ‘Table II], the constaney 
ot P,,. becomes more apparent 
It P., is constant with twists beyond the opti- 
mum, then it is clear that a statistically better 
twist-strength curve could) be obtained tor each 
staple length by using the values P., shown in 
Fable IIT rather than the value of P,, corresponding 


to the 11.0 t.pa. varns. When this is done, the 
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lines labeled P,, on Graph 7 are obtained. It is 
immediately apparent that this new curve agrees 
excellently with the experimental data. This would 
be expec ted since the use of an average P,,, as it is 
based on a large statistical sample, would be a 
better statistical mean. However, for all practical 
purposes, sufficiently precise results can be obtained 
merely by determining P,, for the 11.0 t.p.. yarns 


V'. Application to Cotton Yarns 


To test the applicability of the methods to cotton 
yarns, a series of nominal 13.8's varns were spun 
from the same roving to various twists up to 32.0 
t.p.i. The average load-elongation diagram for the 
yarn having 19.8 t.p.i. is shown in Graph 8. For 
the size of this varn and the magnitude of twists 
involved, it can easily be ascertained that the series 
expansions, equations (14) and (15), would not be 
sufficiently accurate for use here. Hence, the more 
precise equation (12) is used 


From Graph 8, the equation of the linear portion 
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GRAPH 9 
CALCULATED AND EXPERIMENTAL 
YARN STRENGTH VS YARN TWIST 
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of the load-elongation diagram is obtained as 
fA a be 75 T 12,500 &. 
Using equation (15), it is clear that 


75 & 0.289 
In (1 + 0.254 


> 


dy ay 


b, by(1 + 12,500 & 1.289 16,100, 


Phe values dy and by are the intercept and the slope, 
respectively, for the imaginary zero-twist yarn. 

The equation for strength then becomes (equa- 
tion (12)): 


1,225 - In (1 + 
Py, 85.5 — 
af lim Py, 1,225 85.5 1,140 g. 
\ 
P 
Calculated Experimental 
Varn twist strength strength 
19.8 875 870 + 72* 
40 789 760 + § 
28.0 711 760 + 8&5 
320 636 660 + 43 


When the calculated and experimental strengths 
are plotted against twist, the excellent agreement 
shown in Graph 9 is obtained. Here again the 


* Two standard errors 
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results indicate constant P,,, so that once optimum 
twist is reached no additional cohesion is afforded 
the varn by further twist increases 

It is interesting to consider the strength losses 
which occur because twist is inserted into this cotton 
varn The maximum strength obtained is 870 g., 
ata twist of 19.8t.p.i. The value of P,, of 1,140 g. 
indicates that had the same cohesion existed with 
out twist the strength would be 1,140 ¢., an increase 
of 31%. In other words, the cohesion attainable 
by 19.8 t.p.i. has been penalized 270 g. because of 
the inclination of the fibers resulting from this twist, 


E. Elastic Characteristics of Staple-Fiber Yarns 


The foregoing discussion on the stress-strain char- 
acteristics of yarns with different geometry (1.¢., 
different twist and staple length) serves as back 
ground for understanding the effects of varn geom 
etry on elastic characteristics as evidenced by the 
repeated-stress properties ot varns 

The effects of yarn twist on the repeated-stress 
characteristics of continuous-filament varns have 
already been described, and the results explained 
and correlated with fiber properties [6]. For pur 
poses ol convenience the following definitions are 
given, followed by a summary of those results which 
have already been reported 


I. Definitions 


(a) Mechanical conditioning—The process of cy- 
clical loading and unloading at a constant rate 
between zero load and some maximum load, the 
cveles being of sufficient number so that the last 
hysteresis loop is imperceptibly different from the 
next previous one. It is usually found that 5 cycles 
ol repeated loading are sufficient for mechanical 
conditioning, 

(b) Conditioning load—TVhe maximum load (upper 
reversal point) in the process of mechanical con- 
ditioning. 

(c) Conditioned cycle—The last cycle—.e., one 
which differs imperceptibly from the previous one, 

(d) Secondary creep (©,)-——The permanent set of 
a material as evidenced by the residual deformation 
at the start of the conditioned cycle, expressed as a 
percent of the original gaye length. 

(e) Corrected restdual elongation (©7,,)—TVhe elon- 
gation to rupture of a mechanicaliy conditioned 


sample, calculated as a percent of the sum of original 


gage length and secondary creep 
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(f) Elastic performance coeficient—A normalized 
index of the degree ol periect elasticity exhibited 
by 


larity in amount and rate of energy absorption and 


a material, caleulated on the basis of the simi- 


return between an unconditioned and a mechan- 
ically conditioned specimen. 


Continuous-Filament Yarns 


Summary of Elastic Characteristics of Singles 


In order to predict and/or explain the influence 
of yarn twist on the repeated-stress characteristics 
of singles continuous-filament yarns, it is first nec- 
essary to determine the effects of the magnitude of 
the conditioning load on the elastic properties of 
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either the fiber or a yarn with essentially zero twist. 
Changes in elastic properties with changes in yarn 
geometry are primarily the result of changes in 
stress distribution. For the acetate rayon studied 
in this research, the following elastic characteristics 
were observed: 

(a) Above the yield point, the higher the condi- 
tioning load the greater the secondary creep and the 
less both the corrected residual elongation and the 
elastic performance coefficient for yarns with essen- 
tially zero twist. Close to the yield point, small 
changes in the conditioning load produce large 
changes in the afore-mentioned properties, while at 


higher loads the changes are smaller. These obser- 


TABLE IV. Properties or 1§-INcH Staple Acerate YARNS; 
ConpirioninG Loap = 125 Grams * 
Corrected 
Secondary residual Elastic Energy to 
Yarn twist creep elongation performance rupture 
(t.p.i) % % Std. dev (% % Std. dev Coeti Std. dev in.-Ib./in.) Std. dev 
11.0 1.74 0.46 15.8 4.12 O4A81 0.036 0.063 0.020 
18.0 1.83 0.65 14.4 4.57 0.476 0.066 0.058 0.026 
19.0 2.21 0.89 13.3 4.99 0.497 0.076 0.050 0.023 
2340 2.22 0.46 12.9 3.91 0.486 O.101 0.045 O=.0O19 
27.0 3.47 1.07 11.0 3.38 0.378 0.066 0.042 0.014 
* All values average of 10 tests, except 19.0 and 23.0 t.p.i. values, which are averages of 21 tests 
Rerratep-Srress Prorerties or 24-INcH Stapte AceTATE YARNS; 
ConpitioNinG Loap = 125 Grams * 
Corrected 
Secondary residual Elastic Energy to 
Yarn twist creep elongation performance rupture 
tp) % &% Std. dev %) QM Std. dev Coeff. Std. dev in.-Ib. /in Std. dev. 
11.0 0.15 0.26 18.2 $31 0.829 0.102 0.066 0.025 
18.0 O11 0.28 17.4 4.71 0.805 O.113 0.087 0.038 
19.0 0.29 O34 18.0 3.91 0.807 O41 0.084 0.024 
23.0 0.47 049 12.5 5.11 0.859 0.175 0.056 0.027 
7.0 O.9s O74 11.5 3.91 0.686 0.117 0.043 0.019 
* All values average of 20 tests except 23.0 and 27.0 t.p.i. values, which are averages of 15 tests 
TABLE VI.) Reerarep-Srress Prorerties or 14-INcH Starpte Acetate YARNS; 
CONDITIONING LoaD 175 Grams * 
Corrected 
Secondary residual Elastic Energy to 
Yarn twist creep elongation pertormance rupture 
Std. dev % Std. dev Coeff Std. dev in.-Ib./in Std. dev. 
11.0 1&7 14 12.7 19 0.343 0.09 0.058 0.022 
18.0 550 »4 13.2 6.0 0.326 0.09 0.031 
10 7.15 14 7.0 2.1 0.256 0.05 0.029 0.014 
230 7.61 1.7 7.82 28 0.252 0.04 0.029 O.O1§ 
70 9 37 18 6.25 1.3 0.212 0.04 0.021 0.006 
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vations describe inherent properties of the acetate 
fiber, and explain the effects of yarn twist on 
changing these elastic characteristics 

(b) The higher the yarn twist the greater the 
secondary creep and the smaller both the corrected 
residual elongation and the elastic performance 
coefhicient for a given conditioning load. All three 
properties when plotted vs. yarn twist produce 
parabola-shaped curves |6}. It is also to be noted 
that the degree of difference in these properties with 
respect to differences in yarn twist is greater in 
general at loads close to the yield point than at 
higher loads. 

All the effects noted in (6) above are the result of 
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the non-uniformity of stress amongst the fibers and 
the changes in this non-uniformity with yarn twist, 
both of which are predic table from fiber properties 
and yarn geometry. From (a) above, the effect of 
increased load supported by the filaments ts appar- 
ent. Since, as was previously discussed, higher 
varn twists produce greater filament stresses for a 
given varn load, then the effects given in (4) follow 


Staple-Fiber Yarns 


\s was the case for the stress-strain curves, 
already discussed, the manner in which and the 
extent to which staple length alters the translation 
ot the fiber elastic properties depend upon the 


TABLE VIL. Rerearep-Stress Prorerties or 24-INcH Stare Acetate YARNS; 
Loap = 175 Grams * 


Corrected 


Secondary residual Elastic Energy to 
Yarn twist creep elongation performance rupture 
(% % Std. dev % Std. dev Coett Std. dev in.-Ib. in.) Std. dev 


11.0 3.32 2.9 13.9 5.8 
15.0 2.28 + 13.8 4.7 
19.0 3.36 om” 14.8 5.6 
23.0 3.84 2.1 10.6 3.7 
27.0 5.50 1.4 8.32 2.6 


* All values average of 16 tests 


0.563 0.23 0.071 0.041 
0.583 0.20 0.069 0.032 
0.470 0.20 0.059 0.029 
0.441 0.13 0.045 0.023 
0.342 0.06 0.032 0.013 


TABLE VIII. Rereatep-Srress Prorerties oF Starte Acetate YARNS; 
G 


CONDITIONING = 200 


Corrected 


RAMS * 


Secondary residual Elasti« Energy to 
Yarn twist creep elongation pertormance rupture 
t.pa % Sid. dev (%) & Std. dev Coet! Std. dev in.-Ib./in Sid. dev 
11.0 &.43 2.38 8.35 3.74 0.258 0.065 0.041 0.021 
15.0 &.09 2.36 9.95 4.37 0.243 0.043 0.048 0.029 
19.0 9.84 1.32 6.50 1.83 0.219 0.030 0.027 0.010 
23.0 11.50 1.57 5.54 1.66 0.239 0.104 0.019 0.003 
27.0 11.52 0.69 5.61 1.33 0.188 0.022 0.019 0.007 


* All values average of 10 tests 


FABLE IX. Repeaten-Srress Prorerties oF 24-INcH Acetate YaRNs; 
CONDITIONING Loap 200 Grams * 


Corrected 


Secondar\ residual 

Yarn twist creep elongation 
(t.p.t % % Std. dev % % Std 
11.0 4.63 2.62 13.3 4.19 
18.0 3.68 1.54 13.3 4.46 
19.0 5.41 3.50 11.6 4.87 
23.0 5.13 1.95 914 3.07 
27.0 8.04 2.62 5.73 1.57 


* All values average of 10 tests 


Elastic Energy to 
perlormance rupture 
eV Coett Std. dev n.-lb. /in Sid. dev 


0.467 0.193 0.074 0.042 
0.467 0.109 0.067 0.029 
0.385 0.1534 0.061 0.0343 
0.341 0.035 0.043 O.0O19 
0.275 0.066 0.021 0.009 
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effects of the geometry on fiber slippage These 


effects have already been inferred in the discussion 
relevant to the effects of twist and staple length as 
they affect the varn elongation at a given load. 
The data covering the repeated-stress ,properties 
of both 14-in. and 24-in. staple acetate yarns are 
given in Tables IV-LX inclusive. Standard devia- 
tions are also given in these tables, together with 
the number of tests made to vield the averages 
shown. The number of tests employed was de- 
pendent upon the estimated number required to 
produce a reliable mean—t.e., the greater the varia- 
bility in values the greater the number of tests. 
Cursory examination of the data given in the 
tables will show the high variability in the repeated- 
stress properties. The coefficients of variation for 
all of the work have been considerably larger for 
the staple-fber varns thaa for the continuous- 
filament varns. Such effects as variations intro- 
duced by the additional manufacturing operations 
required for staple-fiber varns are an important 
cause for the high variability. Also the intimate 
dependency of the mechanical properties of staple 
yarns upon friction, itself a variable property, can 
produce high variation in yarn properties. 
Statistical analvses have not been performed on 
the data for the following reasons: (1) A limited 
number of frequency-distribution analyses have 
indicated the population represented by the data 
to be decidedly abnormal, the frequency diagrams 
exhibiting a considerable amount of skew Hence, 
conventional methods for determination of the sig- 
nificance of differences could not be used. (2) It 
is felt that the data are of sufficient number, the 


empirical trends sufficiently evident, and the direc- 
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tion of the trends sufficiently logical that even were 
the data capable of statistical analysis nothing 
further would be gained by such a study. 

The data given in the tables have been plotted 
and the graphs serve as a convenient basis for 
discussion of the results. 

(a) Secondary Creep.—A previous work [6] pre- 
sented the effects of continuous-filament varn geom- 
etry on the non-recoverable extension (secondary 
creep) following mechanical conditioning. It was 
shown that at equal conditioning loads the higher 
the yarn twist the greater the permanent set, and 
that this effect was the result of higher filament 
stresses being produced in a high-twist yarn. 

When staple-fiber varns are « onsidered, the effects 
of fiber slippage become of considerable importance. 
In the preceding sections on stress-strain properties 
to rupture it was indicated that the amount of 
slippage was greater for 1}-in, staple yarns than 
for 2}-in. staple yarns, and that for both yarns the 
effect of the high helix angles produced by twist 
increases was sufficiently great to counteract any 
increased binding. It would then be expected that: 


(1) For both 14-in. and 24-in. staple yarns, the 
higher the conditioning load the greater the second- 
ary creep. 

(2) At equal conditioning loads, the greater the 
yarn twist the greater the secondary creep. 

(3) At equal conditioning loads and equal twists, 
the 14-in, staple yarns would exhibit greater perma- 
nent set than the 24-in. staple yarns 

In Graphs 10 and 11 are shown the effects of 
conditioning load on secondary creep for the 1}4-in. 
and 2}4-in. staple yarns, respectively. It can be 
seen from these graphs that, for both yarns, as the 


conditioning load increases the secondary creep 
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increases. This effect results from both higher 
inherent permanent set in the acetate fibers with 
increases in load and the increase in slippage to be 
expected with increases in the maximum tension 

There are two other points to be noted from 
Graphs 10 and 11: 
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(1) It would appear that the 2}-in. staple (Graph 
11) exhibits a minimum in permanent set at about 
15 t.p.i., while for the range of twists studied the 
This, if 
true, would not be in keeping with the commonly 


1}-in. staple does not show a minimum. 


accepted belief that optimum twist is less for a long 
staple than for a short. However, it is more prob- 
able that the curves of Gr h 11 would not exhibit 
this minimum if a great-. aumber of tests had been 
made to define the average values, and that, for 
the range ot twists studied, secondary creep would 
increase parabolically with load 

(2) It was shown in the study of continuous- 
filament varns |6] that the increase in secondary 
creep, at a given twist, became less as the condi 
tioning load increased. The data for staple yarns 
given in Graphs 10 and 11 do not indicate this 
trend. Apparently the effect of increase in fiber 
slippage with increase in load is masking the rate 
at which inherent secondary creep is being removed 
and no particular trend in the gross rate at which 
secondary creep is removed with load is evident 

Graphs 12, 13, and 14 illustrate the differences 
in secondary creep between the 14-in. and the 24-in 
staple yarns at conditioning loads of 125, 175, and 


200 g., respec tively. It is to be noted that 


(1) In all cases, at equal conditioning loads and 
twists, the 1}-in. staple exhibits more permanent 


deformation than the 2}-in. staple. The curves for 


secondary creep vs. twist are parabolic and, com 
paring staple lengths, are essentially parallel to each 
other. Once again, lack of frictional cohesion has 
produced the difference between the 1}-in. and 
2}-in. staple. On an absolute basis, the higher the 
load the greater the difference, but on a percentage 
basis, the difference apparently decreases with in- 
crease in load. 

(2) Both yarns exhibit more secondary creep 
than do the continuous-flament yarns of equal 
twist. Secondary creep is manifested for the 12.0 
and 24.0 t.p.i. continucus-filament yarns at about 
190 and 180 g., respectively \s shown on Graph 
12, both staple yarns exhibit secondary creep at 
loads as low as 125 g., whereas preliminary data 
indicated the 14-in. staple to show permanent set 
at even 100 g. 

It should be noted that the maximum secondary 


creep capable of being removed from the continu- 


ous-filament yarns, approximately far 
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exceeds the amount which can be removed from 
either of the two staple yarns. However, this 
merely reflects the fact that the continuous-filament 
yarns are capable of being stressed at a sufficiently 
high load that nearly all of the inherent permanent 
set possessed by the material is removed. The 
staple-fiber varns, on the other hand, exhibit, be- 
cause of fiber slippage, higher gross secondary creep 
at the same load than the continuous-filament yarn, 
but the high inherent secondary creep of the fibers 
never makes itself evident, since rupture resulting 
from fiber slippage occurs at a sufficiently low load 
to preclude the majority of fibers being stressed to 
their ultimate capacity 
b) Elastic Performance Coefficient (i:.P.C.) |7| 

It has already been established for continuous- 
filament varns [6] that the higher the varn twist 


the lower the elastic performance coefficient. Con- 


GRAPH 
ELASTIC PERFORMANCE COEFFICIENT VS YARN TWIST 

os 300/104 ACETATE 1. 50° STAPLE 
oe 

© (25 GRAMS CONDITIONING LOAD 
or 

4 200 


COEFFICENT 


ASTIC P 


PERFORMANCE €nT YARN 


oe 


oJ @ 123 GRAMS CONDITIONING LOAD 
4 200 ° 


ELASTIC PERFORMANCE 


YARN TWIST, TURNS PER INCH 


siderations of the effects of fiber slippage serve to 


TEXTILE 


| 
| 


explain variations in this property 


different staple length 


COEFF 


PERFORMANCE 


AST 


250° STAPLE 


e 
150 STAPLE 


GRAPH I? 


TiC PERFORMANCE COEFFICIENT WS 
ACETATE 


300. 


25 GRAMS COND 


for 


varns 


TIONING LOAD 


ResEARCH JOURNAI 


ol 


PERFORMANCE 


RF ORMANCE 


ELASTK 


JOO 


YARN TWIST 


AMANCE COEFFICIENT vs 
O4 ACE TATE 


Tw 


GRAPH 


GRAMS CONDIT 


f 
| | | | 
in 
4 
4 
YARN Twor 
° 
= or 
| o6 
‘4 
2 03 
ff 
or 
VANS PER INCH 
YARN TWIST 
os ONING LOAL 
Ee 
6 : 
= ° os 
oe Oe 
YaRnN TWIST, TURN PER INCH YARN TWIST. TURN PER WOM 
RAPH 16 19 
10¢ 4 ACETAT 2s rAPLE 100/104 ACETATE 200 GRAMS CONDITIONING LOAD 
By 
5 9 2 a” 5 9 2 


Avucust, 1950 


Graphs 15 and 16 plot the elastic performance 
coefficients at various conditioning loads for the 


14-in. and 2}-in. staple yarns, respectively. The 


following wil! be observed 


(1) For either staple length and at any condi- 
tioning load, the higher the varn twist the lower the 
E.P.C. As was the case for the continuous-hlament 
yarns, the E.P.C. decreases parabolically with twist. 
This, of course, would indicate that the effect of 
helix angle on stress is basically the same for staple- 
fiber yarns as for continuous-filament material. 

(2) The higher the conditioning load the lower 
the E.P.C., indicating again that both inherent and 
geometrical effects are contributing to changes in 
the elastic performance coefficient 

The influence of yarn staple length on the E.P.C. 
is illustrated on Graphs 17, 18, and 19, for condi- 
tioning loads of 125, 175, and 200 g., respectively. 
The results are entirely in accord with what would 
be anticipated on the basis of the preceding dis- 
cussion. At any conditioning load, the E.P.C. of 
the 2}-in. staple varn exceeds that of the 1}-in. 


staple, and the corresponding continuous-filament 


data are higher still [6]. In all cases, increases in 
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twist produce decreases in the E.P.C. in a manner 
similar to that exhibited by the continuous-filament 
material. The curves are essentially parabolic, 
with a tendency for the values of the 2}-in. staple 


to approach those of the 14-in. staple at high twists, 


F. Elastic Characteristics of Cotton Yarns 


The influence of varn geometry on the elastic 
properties of staple acetate varns having been ex- 
plained, it is of interest to determine whether similar 


effects and explanations thereof can be noted for 


‘other materials. The same cotton varns whose 


rupture properties have already been discussed were 
subjected to repeated-stress action, The results 
obtained are plotted on Graph 20. 

The curves of Graph 20 represent the properties 
as determined at a conditioning load of 500 Z In 
addition, for the lowest-twist yarn only (19.8 t.p.i.) 
secondary creep at a conditioning load of 650 g. is 
plotted as the point 

From Graph 20 (bottom) it is seen that increase 
in conditioning load on a 19.8 t.p.i. yarn has re- 
sulted in an increase in secondary creep. Henc Se, 
it is concluded that for cotton yarns of this type 
secondary creep increases with fiber tension. There- 
fore, since stress distribution shows that higher- 
twist varns are subjected to increasing fiber tensions 
at a given yarn load, it is apparent that the curve 
of secondary creep vs. yarn twist indicates that 
the permanent set increases with increase in twist. 
The curve of Graph 20 (bottom) indicates the in- 
crease to be parabolic—.e., of the same type as 
that observed for staple acetate. 

On Graph 20 (top) are shown the values of the 
E.P.C. for these same cotton yarns. Here. also. 
the effects of varn twist at a given conditioning 
load arise from the stress distribution-twist rela 
tionships. The shape of the curve is the same as 
that for staple and continuous-filament acetate 
namely, parabolic. 


G. Summary of Influence of Yarn Geometry on 
Yarn Elastic Properties 


The elastic properties of yarns with different 
inherent fiber properties and different geometry 
have been investigated through consideration of the 
stress-strain diagrams for both one-time and re- 
peated loading, with the following results: 


(1) Independent of the staple length, including 


continuous filament, increases in yarn twist produce 
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similar trends (parabolic) in elastic properties 

(2) Independent of twist, the longer the staple 
length the better 
the higher the I 


decrease in | and increase in se« ondary creep 


the elastic characteristics 


P< 


and the less the secondary 
creep 

(3) The elastic characteristics become poorer at 
higher conditioning loads 

(4) Within the range of staple-varn twists stud- 
ied, the elastic properties of staple yarns are similar 
in trend to, although different in magnitude from, 
the continuous-filament yarns. 

(5) Helix angle effects similar to those observed 
for the continuous-hlament yarns apply in principal 
to the staple-fiber yarn, and, when combined with 
slippage effects, serve as the basis of explanation ol 
staple-yarn properties 

(6) It is indicated that for both staple acetate 
and cotton yarns the same dependence of rupture 
properties and repeated-stress properties upon yarn 
geometry and stress-strain curves exists as for con- 
tinuous-flament yarns. Whereas to predict rup 
ture properties of filamentous yarns it is necessary 
only to predetermine the fiber (or zero-twist yarn) 
stress-strain curve, to predic t those of staple varns 
requires the predetermination of the stress-strain 
curve for a yarn whose twist exceeds the optimum 

(7) It appears that increases in twist beyond the 
optimum do not add turther cohesion to a staple 
yarn, and hence all changes in strength and elast 
performance with twist beyond the optimum twist 
arise wholly trom changes in fiber inclination as tt 


affects stress distribution 


Textite ReseARCH JOURNAL 


Acknowledgment 


Ihe author acknowledges with sincere apprecia- 
tion the sponsorship by the Textiles Section, Re- 
Branch, Office of The 
Quartermaster General, and the Office of Naval 
Research, which made this work possible. 
tude is expressed to Dr. W. J 
Mr. E. V. Painter for their encouragement and 
assistance, and to Mr. C, C 


search and Development 


Grati- 
Hamburger and to 


. Chu for drawing the 
illustrations. 


Literature Cited 


1. Gruntfest, I. J., and Gagliardi, D. D.. Wrinkle 
Resistance of Fabrics, Jnd. Eng. Chem. 41, 760-4 
(1949) 

2. Hamburger, W. ]., Mechanics of Abrasion of Textile 
Materials, TEXTILE RESEARCH JOURNAL 15, 169 
77 (1945) 

3. Hamburger, W. J., Mechanics of Elastic Performance 
of Textile Materials, I, TEXTILE RESEARCH 
JOURNAL 18, 102-13 (1948). 


4. Hicks, FE. M., and Scroggie, A. G., Taber Yarn-Sheet 
\brasion Test, TEXTILE RESEARCH JOURNAL 18, 
416-22 (1948). 

5. Peirce, F. T., Geometrical Principles Applicable to 


the Design of Functional Fabrics, TEXTILE RE 
SEARCH JOURNAL 17, 123-47 (1947). 


6. Platt, M. M., Mechanics of Elastic Performance of 
Textile Materials: IIL, TEXTILE RESEARCH JOUR 
NAL 20, 1-15 (1950) 

7. Schiefer, H. F. (et al.), Effect of Number of Warp 
and Filling Yarns per Inch and Some Other 
Elements of Construction on the Properties of 
Cloth, Natl, Bur. Standards J. Research 16, 139 
Feb. 1936) (RP 862, with Taft, D. H., and 
Porter, J. W.) 

Manusers ived March 17, 1950 


te 


4 
ig 
| 
4 
é 
4 ate 
4 
A 


1950 


539 


Mechanics of Elastic Performance of Textile 
Materials 


Part V: A Study of the Factors Affecting the Drape of 
Fabrics—The Development of a Drape Meter 


Chauncey C. Chu, Clinton L. Cummings, and Newton A. Teixeira 


Fabric Research Laboratories, Inc., Boston, Massachusetts 


Introduction 


“Drape” and ‘“‘drapability’’ are terms for that 
property of textile materials which allows a fabric 
to orient itself into graceful folds or pleats when 
acted upon by force of gravity. Hence, a fabric 
is said to have good draping qualities when the 
configuration is pleasing to the eye. Obviously, 
then, the word “drape” is a qualitative term. The 
textile industry realizes the importance of under- 
standing the phenomenon of drape and is anxious 
to be able to measure it quantitatively. 

Numerous ‘“‘drape tests’’ have been reported in 
the literature, but none have presented any corre- 
lation between the data obtained and subjective 
evaluations. This is largely because of the failure 
to realize that drape may not be determined con- 
clusively by those tests which involve two-dimen- 
sional distortions of the fabric samples. (These 
tests are typified by the “Drapeometer™ [2] and 
“loop” tests of various shapes {1].) Present-day 
two-dimensional distortion tests are incapable of 
differentiating between drape and paperiness—.e., 
it is possible to select a piece of paper and a piece 
of fabric both of which have the same bending 
properties, yet it is doubtful that the paper will 
drape as well as the cloth. Children’s party cos- 
tumes are often made of crepe or tissue paper; 
however, regardless of how flexible the paper may 
be, it does not have the same appearance as cloth 
it is seldom graceful. In other words, the paper 
does not drape! 

It is obvious that a test instrument which is 
capable of distorting the sample in all three dimen- 
sions is necessary if drape is to be evaluated quan- 
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titatively. The drapability of yard goods is usualls 
displayed in store windows by draping the fabrics 
over circular pedestals. This simulates service con 
ditions, in which a cape, for example, is draped 
over the shoulders or a skirt around the hips of the 
wearer. The F.R.L. Drapemeter was designed on 
a similar principle. 

The original F.R.L. Drapemeter is an optical 
s shown diagrammatically in Fig 


instrument. It 
ure 1. The sample holder consists of two flat 
plates, circular in shape, mounted on a shaft coming 
through the base of the tester Phe circular sample 
is sandwiched between the plates, and the shaft is 
raised until the overhanging portions of the sample 
no longer touch the base. The image of this draped 
pattern is cast onto a sheet of ground glass by 
means of alens system. This pattern is then traced 
on a thin piece of paper. 

Figures 2 and 3 show typical drape diagrams 
traced from the ground-glass sheet. The smaller 
circle indicates the position and size of the support- 
ing disc and the larger circle indicates the original 
size of the sample. The shape and size of this 
pattern are governed by the draping qualities of the 
sample tested. For convenience in comparing dif- 
ferent samples, the term “drape coefficient” is used, 
which is defined as the percent of the annular-ring 
area covered by the draped sample. This area is 
indicated by the shaded portions ol Figures 2 and 3. 

Since the draped sample will form pleats, its cir- 
cumference can no longer remain in only one plane 
As a result, the traced image is not necessarily the 
true projected one. For example, if points A and 
B (Figure 1) on the circumference are the same 
distance from the axis but are at different eleva- 


tions, then their respective projections on the 
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ground-glass sheet would be A’ and B’. A study 
was made to evaluate this error. Results show 


} 


that for a difference in elevation of 1 tn. the error 


for the image diameter is 8.50,, or a maximum error 
17% Since 


error is excessive, an improved model was designed 


for the enclosed area of about this 


and constructed 


The Improved F.R.L. Drapemeter 
Working Principles 


The problem of determining the projected area 
of a draped sample was solved as described below. 
The improved F.R.L. Drapemeter is diagrammed 
in Figure 4 and photographs are shown in Figure 5. 

One of two synchronized turntables supports the 
circular chart is 


draped sample and a standard 


mounted on the other. A light beam trom a small 
lamp is focused on a photocell, both elements being 
mounted in a movable unit. This optical system 
scans the draped sample and automatically and 
itself the 


The movements of the photocell are re- 


continuously positions at the edge of 
fabri 
corded on the chart by a pen which is mounted in 
a carriage which is mechanically connected to the 
Thus, when the turntables have 


scanning unit. 


performed one complete revolution, an accurate 
vertical projection of the draped sample is drawn 


on the circular chart 


Analysts of Instrument 


The the 
two photocells of the photo 


Optical System components used in 
optical system are 
voltaic type, two lamps, a filament transformer, a 
potentiometer, and a collimating lens 

One photocell, P.k.., used as a comparison cell, 
is Hluminated by a lamp which is connected to the 


The 


, receives the hight from a second 


filament transformer through a potentiometer 
scanning cell, 
lamp through a collimating lens The brightness 
of the lamp in the comparison unit is adjusted until 
the light falling on the comparison cell is approxi- 
mately equivalent to the light which talls on the 
the 


The outputs ot the two cells 


scanning cell when the beam ts cut im halt by 
edge of the sample 
are bucked against each other in a series connection, 
and a voltage equal to the algebraic difference be- 
tween their voltages is applied to the input of an 
When the illumination on both cells ts 


If the illumi- 


amplifier 
equal, their combined output is zero 


nation on the scanning cell is increased or decreased 
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as a result of the rotation of the irregular projection 
of the sample, the output will be either a positive 
or a negative voltage This output, amplified by 
an electronic system containing a phase-sensitive 
circuit, controls one phase of a two-phase motor 
which positions the scanning unit so as to restore 
the electrical balance between the scanning cell and 
the comparison cell. Then, as the sample and chart 
revolve synchronously, the amplifier-and-motor 
combination moves the scanning device so as to 
keep the light on the PLE 
balance-out the output. of the comparison cell, the 


equal to that which will 


illumination of which is fixed 


Mechanical Operation.—A synchronous motor, 


geared to 1 revolution per min., drives the chart 
table and, by means of sprocket gears and a roller 
chain, also turns the sample. Discs as large as 10 
in. in diameter may be used to hold the sample, 


depending upon the sample characteristics, as de- 


GROUND GLASS 


SAMPLE 


> 
| 
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Fic. 1. Schematic diagram of F.R.1 
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Fic. 2. Typical drape diagram for sateen. 


scribed on page 547 of this report. In order to 
place the sample on the disc without distorting it, 
the shaft of the sample turntable may be slid down 
until the dise is flush with the cabinet. Once the 
sample is in place, the table is raised to its propet 
operating position, with the sample dise as close to 
the photocell as possible. This sliding shaft is also 
useful for raising and lowering the sample in order 
to work it to a stable equilibrium condition. This 
working process is more fully explained in a subse- 
quent part of this report (page 543). 

The turntable which holds the chart is 12 in. in 
diameter and has a small, vertically projecting knob 
which is positioned about § in. off-center in order 
to keep the paper from slipping as the table re- 
volves. Standard circular charts may be used 

A two-phase motor, driven by the amplifier out- 
put and connected to a wire-and-pulley system, 
moves the scanning unit along a straight line be- 
tween turntable centers. The direction of rotation 
of the motor is such that the scanner is moved until 
the edge of the fabric cuts the light beam and the 
light reaching the moving cell is equal to that inci- 
dent upon the fixed cell. Connected to the scanner 
by two horizontal rods is a pen carriage which 
holds the pen on the line between turntable centers. 
Thus, the radial movements of the scanning unit at 
the rotating sample are exactly duplicated by the 


radial motion of the pen on the rotating chart. 


~ 


Fic. 3. 


Typical drape diagram for acetate fabric, 


Table rotation is started by manually depressing 
the repeat button. The discs are automatically 
stopped by a limit switch after each complete 
revolution. 
Amplifier Unit.—This unit converts the direct 
voltage output of the photocell to alternating volt- 
age and amplifies this voltage in order to operate a 
phase-sensitive circuit controlling one phase of the 
two-phase motor which is used to position the 
scanning unit. The amplifier consists of the follow 
ing parts: an interrupter 6r chopper which converts 
the direct voltage to alternating voltage: an alter 
nating-current amplifier; and a phase-sensitive out- 
put circuit which is connected to one phase ol 
the motor. The amplifier and motor make up a 


matched unit. 


Operating Instructions 


Sample Preparation. 
instrument are 10 in. in diameter, although samples 


The samples used on this 


as large as 12 in. in diameter may be accommodated 
rhe circle may be drawn on the fabric by means of 
a compass, with appropriate markings to locate the 


The samples with a }-in. hole in the center 


center, 
are carefully cut out with scissors, care being taken 
to avoid distortion or creasing of the fabric They 
are conditioned for 24 hrs. before testing in order to 
relieve any localized stresses caused by handling 


during preparation 


af. 
\ 
j 
; 
plain weave 
| 
7 
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wood 
PrOTOCELé 
PEN 
AMPLE | — 1Ak WTA —— 
ANN 
3 
‘ 
AN 
é RPM 
BRIGH 
4 hematt lragram of the im proved Drape meter 
Caltbrating the Dra pemeter The instrument may 5. Press the repeat button to begin rotation 
4q be calibrated according to the following procedure \lter one complete revolution, read the area from 


; the planimeter dial 
1. Turn on main switch; allow about 10 min. tor I : 


} | t 6. Compare this value with the actual area of the 
the machine to wart up 


we 


sample cis See Table | 
2. Place a blank chart on the chart table. Using 
4 7. Adjust the position of the pen carriage and 
E the sample dise (either 4 in. or 5 in.) as a guide, 


repeat steps S and 6 until the area obtained is 
trace a circle on the chart : 
within 0.10 sq. in. of the actual value 
3. Raise the hood, remove the sample dise from 


the chart table and place it on the spindle; replace 


the hood and turn on the photocell switch.* 


4. Set the planimeter wheel on the circle which *=04 p°=0.5 
was previously traced on the chart This is done 5 

12.57 19.64 
by sliding the pen carriage along the connecting 
bars. 78 34 78 34 
1 H sq.in 65.97 
* The phe tocell switch no st be turned off when the od is 
raised: otherwise the nt ! h will cause he Diamete sa e disc 
Photocell t ve be a t ts Diameter of sample Dp 


i 
Ke 
~ 
ie 
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Test Procedure 


1 Depress sample dise and its spindle so that 
the top surface of the sample disc is flush with the 
base of the tester 

2. Transfer the prepared sample onto a slotted 
plate which is slightly larger than the sample itself, 
care being taken to minimize flexing or distortion 
of the sample. The plate, together with the sample, 
Is placed in the tester above the sample dise, and 
the plate is then caretully slid out from under the 
sample. The plate facilitates mounting the sample 
without distortion 

3. Place 


as the sample disc over the sample so that the center 


a weighted disc which is the same size 
portion of the sample will be held tight 

4. Raise the sample by pulling on the spindle 
until the overhanging portions of the sample clear 
to its original 


| his 


the sample 


the base of the tester Lower it 


position and repeat this process ten times 
condition” 


is done to “mechanically 


Note 
this procedure; the results are 
Pable 


“conditioning,” 


a number of tests were done without using 
noticeably different 
See data in I} and discussion which follows 

5. Atter 
the top ol the weighted dise is just below the photo- 
the 


raise the spindle until 


cell, and then begin the test by turning on 


photocell switch and pressing the repeat button 

6. The area under the draped sample is deter- 
mined by using the integrator mechanism De 
scription of the integrator is given in this report on 
page 544.) The area may be read trom the inte 
grator dial after one complete revolution of the 
turntables 
with the and 


7. Replace the integrator pen, 


rotate the sample again to make a permanent chart 


TABLE I MercHANK 


Eerect oF 


Drare Corrricrent 


70.4 79.6 66.4 6007 


5.5 


It is advisable to draw a set of reference circles 


The 


drawn using the sample disc and the 10-in 


on the same chart reference circles are those 


disc. 
Even though the area measurement and the drape 
same CV¢ le, tests 


diagram are not made during the 


have shown that the projected area 


tually unchanged for 2 or even 


remains Vir- 


3eveles. In future 
models it will be possible to make the area measure- 
ment and the drape diagram simultaneously 

of 


involves only the drape coefficient, F, 


Calculation test data, at present, 
which is de- 
fined as the fraction of the area of the annular ring 
covered by the projection of the draped sample 
Vhis, in effect, is analogous to the circularity coeffi- 


cient which is used in textile microscopy 


\rea under the draped sample 


\rea of the annular ring 


where the area of the annular ring is the difference 
between the area of the circular sample and that of 
the sample diss 

The effect of 


“mechanically conditioning’ the 


sample can best be shown by the test data given in 


lable I] 


Fest 1 was performed without the con 
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. 
CONDE TIONIN ON 
Fabrics 
lest noondi tioned 
% F° 79.2 82.7 72.0 78.7 72.2 74.4 67.7 et 
Standard deviation na 393 Gil $8 45 3.3 
lest 2 conditioned 
Standard deviation 36 26° 
* For these fabrics, the area of the annular ring is Bae 
ie rir 66 sq n 
q 
q 
| 
Gite 
Fia. 5 Dra pemeter Left With hood 
Right —llood removed. 
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ditioning process, and Test 2 with conditioning 


It can be seen that the values of the drape coeth- 
cient, F, for Test 2 fabrics are smaller than those 
tow le st 1 fabri s, and so are the stand urd devia- 
tions Most Cases 

Integrator l'nit.-Since the evaluation of drape 
by using this instrument depends upon the ratio of 
the projected area to the flat area of the sample, 
some method of determining the projected -area 
must be used The chart may be planimetered in 


the customary fashion, but this method is time- 
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consuming and its precision is limited by operating 
See Figures 6 and 6A 
For this reason, an integrator unit was developed 


errors 


which could be mounted in place of the pen and 
used to give’ the area directly by making one or 
more rotations of the sample and chart. 


Nomenclature 


P location of light beam on sample 

P’= point of tangency of integrator wheel 

c length of connecting bar fram Q (pivot on 
slider) to P’ (axis of integrator wheel is 


along C) 


D, = diameter of planimeter wheel 

w angular velocity of planimeter wheel 

t tangential velocity of planimeter wheel 
Ww? angular velocity of chart table 

v7 tangential velocity of chart table at P’ 
Uv, component of v7 perpendicular to axis of 


planimeter wheel 

r distance of P’ or P from the center of 
their respective turntables 

7] angle between the connecting bar C and 
the supporting bar BB' 


Integrator (closeup of planimeter). 


| 
be 
13 
Ne 
FiG. 6. Integrator ae 
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If there is zero slip between the planimeter wheel Since 
dD 
and the chart paper, then ts 2 
and 


Fic. 7. Schematic drawing of integrator 


(Carriage of integrator wheel (bar C) is fastened to moving bar (along AA’) by a pin joint 


vorting bar BB’ is perpendicular to connecting rods .\A‘ and in line with ()’ 


4 
| 
A = — 7 
\ 
\ / 
\ / 
/ 
4 
THE SAMPLE THE CHART 
B 
4 
vat 
4 
4 
ie 
C 
a Wer 
Fa 
INTEGRATOR 
re) 
r A' 
1% 
Pa 
Vr 
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and at the point of tangency between the planimeter For proper operation of the slider, @ should not 
wheel ind the ch irt P exceed ibout x0 and, theretore, Cc should be sufh- 
ctently greater than the radius of the turntable that 
4) 
sin @ 0.6. Maximum r¢ as limited by maxi- 
thy equatir 1 2 mad ( 
mum sample size R 5 in. C should then be 
Mary < 
sin @ sin 5 approximately 8.3 in The diameter of the 
D D dD, 0.6 
‘ wheel available from a standard planimeter was 
the diagram (Fieure 7 
D, = 0.772. UW —.~ should be about 0.1 rev. unit 
i area for the desired precision, then 
Substituting equation (6 into equation (5), ) ) 
= 0.1 
rCD, r(0.772)¢ 
LWT 
7 | 
CD, 
0) 
Bu ( 8.247 in 
de (0.772) 2.425 


DPherefore V 0.1 (area) 0.1 ) 


de 
CD, \ d and A (area) 10 NV, where V may be read off the 
Let the total angle through which the wheel planimeter wheel up to 10 revolutions and to two 
turns be ¢ decimal places. The maximum reading of the inte 
grator ts 10.00 revolutions, or 100.00 sq. in 
? de 
CD Advantages and Limitations 
? Vartety of fabrics which may be tested 
CD | redo CD 5 1 10) Autographic diagram which may be kept as a 
record. Several diagrams may be made on the 
lf the pattern is a circle, then 7 is constant and same chart for various time intervals in order to 
show relaxation of fabric 
( Vechanically computed area is traced more pre 
r ‘ cisely than can be done even by skilled operators 
using a hand planimeter 
( Dp irea ot ¢ rele 11 
Let \ 
4 12 


where .V is the number of revolutions of the planim 
eter wheel. Substituting equation (12) into equa 


tron (10), 
r 
\ dd, 13 
rCD 2 
Pe 
ind : is the number of revolutions per unit 
2 
of \ ea is equal 
to the area for am putter ki S Vinimun nele of resoluttor 
| 


ad 
hag 
fs 4 
3 
— 
4 
A 
\ 
| 
P 
| 
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Ease and simplicity of operation. No experience 
is required in evaluation 

Little time 1s One 


required per test revolution 


in 


fabrics may be mounted in about the 


min. is required to produce the diagram, and 
same amount 
ot time 

Accuracy and Precision. Since this is a null oper 
ating system, the accuracy of the diagram is equal 
to the precision of calibration, which in turn de 
pends only upon the width of the light beam, which 
may be kept to a minimum by tocusing and by the 
\s shown below, 


use ol light source 


the 


ad pinpoint 


precision and accuracy of the integrator are 


greater than the precision with which 


a sample 
may be cut 


Reproducibility Two samples were cut from 


diagram 


Fable 


cardboard according to an actual drape 
and were used in place of fabric samples 
shows the results of these tests 
le Resolvable 


Vinimum Ang In the present de- 


velopmental model, the minimum angle of resolu 
tion ts established as that angle which will barely 
allow the scanning unit to move from a small radius 
to a large radius without the sample striking the 
photocell support By effecting a minor change in 
the photocell carriage, the minimum angle may be 


reduced to that angle which is determined by the 
ratio of the maximum speed of the scanner to the 
speed of the turntable 


If the velocity of the scanner is equal to v, (in 


in. per min.) and the turntable speed is one revo- 
1 r.p.m.)360 - 

lution per min., then (Figure 8) 6, 

R 

the maximum R is 5 in., and 
360 360 300)5 1800 
Ap 

v, is equal to about 5 in. per sec. but may be 


Then 


varied slightly by adjusting the damping 


1800 
Op 6 
5 60 


In actual practice, any drape sample which might 
fold this sharply would also tend to curl under, thus 


resolution, therefore, is more than adequate for an) 


requiring a larger mounting dis angle of 


practical work 


Translucency of Fabru This factor becomes 


important only when the translucency varies across 


the fabric or when the fabric does not sutficientls 


34) 
ABLI KeEPR cit Kl 
DRAPEMETER Rest 
\rea, sq. in 
Ie Sample ple 2 
19.96 
SOLOS 
sO.) 
7 O7 50.00 
9 419 75 
10 OO 49 94 
\wer 9 
Stand 1 devia 0.061 1 
Cin i varia 04 ar 
| 
alter the light beam. Even tor sheer white nylon a 
the machine seems to perform satisfactorily 
Accuracy of Calibration and Drift.--Using a 4-in | 
dise for calibration, the following results were 
obtained 
\verage area 12.533 sq. in 
Standard deviation 0.048 sq. in 
C oethcrent of variation 0.38, 
Radius of dis 2 + 0.002 in 
\rea ol dis 12.566 + 0.025 sq. in 
0.025 
0.2°; 
12.566 


The above discussion pertains to the present ke 


ims 


velopmental model only; the me ilreads 


known for changing the design in order to remove 


most of the limitations mentioned here, and also tor 


making the machine more versatile and more sensi- 


tive for use as an area-measuring device im its 


general application 


Experimental Procedure for Strip Bending- : 
Flexibility Test 

Inasmuch as drape must be related in part to the 
bending properties of labrics, a small percentage of 
time has been spent on simple strip bending tests 
These tests were carried with epee 


The 


out simultaneously 


the drape tests following is a description of 


the test procedure 


Samples are accurately cut from the fabric to be 


tested with a dink or a razor blade to 6 in. by 1 tn. 


Other results 


The 


tests have shown no difference in 


when samples are cut by different means 


| 
Rit ise 
AG 
: 
| 
Bier. 
es 
it 


elges of the sar pole ire m ide to follow the le neth 
is possible It Is desirable 
handled 


cause bending and folding alter the 


chose ty 


wise threads is 
that samples be as little as possible, be- 
stiffness and 
produce lines of crease or weakness that make the 
results meaningless 

The specimen is mounted in the tester as ilus 
trated in Figure 9 This tester is a much simplitied 
version of Peirce's Flexometer {1 \ steel ruler 
covers the specimen to be tested, with the end of the 
\ weight 


is used to hold the sample down to the plattorm 


ruler mate hing the end of the specimen 


Che ruler, together with the sample, is gradually ex 
tended over the platform, Care is taken that there 
is no relative motion between the ruler and the 
sample When the overhanging end touches the 


$3° line, measurement is taken from the ruler to see 


how far it has protruded beyond the edge of the 
is taken as one 


This relationship was derived 


plattorm The bending length, ¢ 
half of this value 
As follows 


Peirce detined the bending length as 


cos O54 


Stan# 
where 1 leneth of overhang and @ chord angk 
of the detlection curve 

If we set 
L 
>? 
then 
cos 0.58 . 
Xtand 
or 
tan cos. 0.54 


13 ipproximatels 
Many fabrics tend to curl and twist when cut 
into small specunmens, and this affects the repro 
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ducibility and the physical meaning of the test 


results In order to remedy this, readings are 


taken for both sides of the fabric, and then the test 
is repeated on the same specimen with the ends 
reversed, so that the two values of the bending 
length for any one specimen are obtained from four 
readings of overhanging length 

The number ol samples necessary to give a repre- 
sentative value for the bending length depends upon 
the regularity of the results and the degree of accu- 
racy demanded. Five in each direction, warp and 


filling, is a reasonable number. 
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Ultrasonic Disintegration of Cellulose Fibers 
Before and After Acid Hydrolysis’* 


Frederick F. 


| HE EFFECT of ultrasonic vibrations on both 


native and regenerated cellulose fibers is to break 
them down into thin, almost electron optically trans 
parent “fibrils,” the length and width of which de 
pend upon the type of fiber. However, if the fiber 
is subjected first to acid hydrolysis followed by ultra 
vibration, then “ 


obtamed The 


particles” instead of fibrils are 


size and shape of these hydrolyzed 


cellulose particles are 


of two types, depending upon 
whether they originate from native or from regen 
erated fibers. It is the purpose of the present paper 
to show that the particle dimensions, which can be 
observed in the electron 


microscope, are good 
agreement with the viscosity data and that they are 
apparently rel: to the crystalline and amorphous 


structure of the original fiber 


Experimental Procedure 


Successful direct 


examination of cellulose in the 
electron microscope is dependent upon some means 
of disintegrating the cellulose sample to dimensions 
that are of the requisite fineness or thinness to allow 
electron penetration without any artifacts resulting 
Such 


disintegration may be accomplished either mechani 


from the heating effects of electron absorption 


cally |1, 5,7, 11] or by the employment of ultrasoni 


vibrations [13]. Not only does the latter offer the 


advantage of easier control of heating effects, as the 


oll bath of the ultrasonerator may be cooled, but also 


the cellulose samples so treated are much less subject 
to bacterial attack because of the sterilizing action of 


the ultrasonic waves. Keeping the sample in the 


same test tube in which it was disintegrated aids in 


preserving it from contaminating growths 


* This presented in 


on Microsc: 
r, 1948 


partmet 


Re search 


Hook 


Morehead? 


Preparation of the 


Examination 


The tollowing procedure was used for the prepara 
f samples nic treatment 


for examination m the electron mucrosco 5-150 
‘Hulose, fluffed into fibrous form ar 


me. of 
mg. 


case of long fibers, cut into short length 2mm 


was placed in a 30 150-mm. test tube contaiming 
25 ml. of distilled water and the test tube was placed 
in the center of cavitation in the on 

Crvstolab “Ultrasonerator,”” Model S1.520 
used was 700 K¢ 


was 20 min 


quency and the time of treatme 


Heating effects were minimized 


cooling the oil bath with circulating te 


wate! Sines 


ot the fibers were completely broker 


this length of treatment, only the liquid above the 
mass of fibers was used for the l 


final examination 


Two methods of 


preparing the material for the 


electron microscope were used: (1) evaporation of 


the sample on Formavar-coated screens and (2) 


‘ 
evaporation on a glass nucroscope side, 


followed by 


metal shadowing [12] and subsequent stripping of 


the metal replica. The first method is a littl 


nore 


convement and allows the use of uramum metal and 


its thinner laver of shadowing material (due to its 


high atomic number), it has the 


disadvantage 
that the structure of the supporting film is shown in 


the background The “atom replicas” prepared 


with palladium or platinum-palladium [12] have the 


advantage of a cleaner background, they are 


more difficult to prepare. For placing the small 


drops of the liquid on the screens a platu um wire 


loop is convenient. If it is desired to keep the par 


ticles as well dispersed as possible, spraying [4] a 


film of the treated sample ont surtace 


with 
an atomizer is satisfactory shadowing” [12] 
} 


sed advantageou nder more detail 
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SSO 
IABLE I 

Fiber ( Orient Fil 
Kamu Lary \e 
Ra Sma (, | Long and st 
For Mie \ Ver y 

The 1 il sl} | grie’ ipl ed in this work 

is 5-1. Shadowing not only enhances contrast but 
t the measurement ot the height ( thick 
ness) of the sample by means of the metal shadow 


Hydrolysis of Sampl 


and the 


Cellulose was added to botlng 2.5 N I 
15 min. ; the 


flask was heated at the boil for exactly 
residue was collected on a sintered glass filter and 
washed acid-free 13] Lhe temperature ot the boil 
ing HCl was carefully controlled by using a Glas-Col 
heating unit around the flask, and controlling this 
unit by means of a Variac and ammeter in order that 
thie temperature could be kept at 105°C (+ 0.50° ) 
during the heating 

\iter it was washed acid-free and dried, 5-10 mg 
of the hydrolyzed cellulose was placed in 25 mi. of 
distilled water and prepared for the electron micro 


cope by treatment in the ultrasonerator and by shad 
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rABLE 


5 305 1.570 1.480 
10 1,545 1.540 
iS 297 1,530 1,495 
78 1,432 1,430 
oo 272 1.401 1,500 


* D.P. (degree of polymerization) multiplied by factor of 


5.15, the length of the glucose unit in Angstrém unit 


owing, as was done in the case of the untreated cellu 

lose. Owing to the much more complete breakdown 

of the hydrolyzed sample, it may be necessary to 
4 


further dilute the sample before evaporating or spray 


ing it onto slides or screens 


Results 


Behavior of Untreated Cellulose Disintegrated by 


Ultrasonic Vibrations 


\ll fibers that have been investigated to date have 
tended to break down into very fine fibrils. A typi 
cal example of this behavior is shown in Figure 1, 
which is an electron micrograph of wood-pulp fibers 


No very definite pattern of fibril sizes or behavior 


| 
Time in boiling Length of crystallite 
2.5N HCI Caleulated® Observed 
min DP \ 
| Pic. Electron micrograph of we pulp disintegrated by ultrason thrations rrantum-shadowed 
shadowimg por Vagnification 734 


rABLI 


Observed crvstallite ler 


Fiber Max 


Cotton 910 ORD 
Wood QT 1.200 3400 
Ramiuc 251 1,120 1.400 
Fortisan 65 
Rayon 50. 60 

* Dimensions of the « tallite are give Angstrér : 
has been observed except that the more highly 


larizes the 


Disinte 


and Regen 


\ study was made of the effect of time of heating 


V HCI on the crystallite length of a sample of 


wood pulp as observed in the electron microscope 


The results are given in Table II. 
These results indicate the rapidity with which a 


reasonably constant value 


is obtained for both the 


cha enwth Crvstallite 
t DP hickness 
160) 1442 sO O4 
$50) 1.540 ; 
129 35 
335 7 ( 
34.409 ; 5 
ievelng-o and the crvst te 
these values are untamed for some ti 
standard 15-min. time of treatment 
Figure 2 is an electron micrograph 


» as that shown m Figure | 
been 


Manv of the irticles” are obvious! 


Fable IIL gives the results of mea 
the crvstallites observed after the 


wmber of native and regenerated cellul 
ues were obtained for a numl | 
tions of each kind of fiber 
directly and thickness (height) was ca 


the cast shadow 


disintegre 


Magnification 75000 


at id hy lrol 


ver of cittere 


4 as 
\ucustr, 1950 551 
Fi 
— | 
1! 
we 
chains 
x | 113 
$4 
sth and how 
onented fibers tend to split up with the yreatest case me atter the i 
bl 
Table | sunmnfllll results obtamed with the of the same vee 
lisintegration 
j on Samples Prepared trom Natwe EE which fact was taken into account m the measure e 
erated Cellulose ments 
J urements on — 
- Vsis a { 
? 
ue Pic. 2 Electron micrograph of wood pulp hydrolyzed to a L.D.P. of 297, fmmmmmmmmated by ultrasonic vibration cee 
palladium-shadowed, 5-1 shadowing ong. > 
a 
| 


Fy 


SS) 
ce the | ‘ f the crvstallite mav be deter 
the erved dimensions, the calculation 
f the number of ce e cha im it is readily 
mip! shed 
Discussion 
Phe most mteresting observations recorded in Ta 
ble II] are the harply detined ditferences between 


the native and regenerated tibers, the former always 


having the much longer and larger crvstallite 


There ts al i very close relationship between the 
observed length of the crystallites and the chain 
length as caleulated trom the cuprammonium viseos 
ty a easured with the sample in the “leveling-off” 


tate of hydrolysis when carried out under very spe 


emhe conditions 


In order to interpret these results, it 1s necessary 


to review bnetly current theori of cellulose struc 


ture The “fringed micelle” theory [9] of cellulose 


tructure offers the most satisfactory e& 


i 


anation of 


cellulose breakdown under the influence of both ul 
trasome vibrations and acid hydrolysis This theory 


postulates that there are regions of both the crystal 


line and amorphous state size of these areas 
being such that a single cellulose chain may pass 
through both types of structure If cellulose is sub 
jected to ultrasomie disintegration, then one would 
expect the type of fibrils to be inthuenced by (1) the 
size of the ervstalline areas and (2) the degree ot 
onentation 

Phe role of orientation and crystallinity during the 
disintegration of regenerated fibers is best illustrated 
by the behavior of Fortisan and textile rayon spun 
with a low stretch. Fortisan, the x-ray diffraction 
pattern of which shows the highest degree of crystal- 
hinity and orientation exhibited by any of the regen 
erated fibers, breaks up mto very long fibrils; low 
tretch textile ravon, with orentation and erystallin 
ity both of low order, breaks up into very short 
fibrils of different lengths, and short fibrils may exist 
in the same fiber when it is disintegrated inthe 
untreated state 

When cellulose is subjected to acid hydrolysis the 
effect is to shorten the chain length by breaking the 
1-4 vlucosicic linkages Che cuprammonimum fluidity 


12, 3] of cellulose offers a convement means tor 


following the effects of such treatment on the chain 


ength or degree merization of cellulose fibers 

Under rather mild litions [2, 3]—1.e., botling 

with 2.5.N HCL—a condition ot nearly constant cu 


Viscosity is re iched Is maintamed 
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tor quite an additional time of treatment. The chain 


lengths so obtained are termed “limiting degree of 
polymerization” (L..D.P From a consideration of 
cellulose structure it can be postulated that the chains 
most subject to attack during acid hydrolysis would 
be those in the amorphous or fringed areas of the 
fiber, the less accessible crystalline areas being rela 
tively unaffected. This picture would account for 
the close correlation, shown in Tables Il and IT], 
between the observed crystallite length and that cal 
culated from the L.D.P. It would also permit the 
further. postulation that the crystallite size in the 
L..D.P. material is closely related to the crystallite 
dimensions of the original tibet 


It must be recognized, however, that during hy 
drolysis some recrystallization could take place sine 
the breaking of the chains in the amorphous areas 
would leave the broken ends tree to rotate, and, under 
the plasticizing influence of both heat and the pres 
ence of water, would tend to extend the already 
formed crystallites. This view is supported by the 
relatively small weight loss which accompanies the 
rapid drop in viscosity | 10] 


also account for the slowing down of the rate of hy 


Kecrystallization could 


drolysis for the reason that only the surface of the 
crystal would then be subject to this kind of attack 
From these considerations it is thought advantageous 
to call the material observed after the acid treatment 


“hydrolysis crystallites.” 


Justification for the use of 
this term is strengthened by the fact that x-ray ex 
amination of the residue of cotton after treatment bv 
nuld acid hydrolysis and ultrasonic vibrations showed 
it to be ina highly crystalline state 

The much smaller size of the crystallite in the 
regenerated fibers, with its greatly increased surtace 
as compared with that of the native fibers, may pos 
sibly explain the difference in water sorption of the 
hydrolyzed samples trom the dry state under stand 
ard humidity conditions as reported by Howsmon [6] 

\lthough the “hydrolysis crystallite” is probably 
not the exact size and shape of the original crystalline 
portion of the fiber, nevertheless, from the above con 
siderations one would expect its dimension to be a 


reflection of the original form of the 


cellulose 
crystallite 
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1. Introduction research concerned with the phenomenon of the skin 
core differentiation. This study does tot deal with 
It seems to be of considerable interest to seek con ‘ 
the cause of that phenomenon but merely with the 
clusive evidence on the nature of the radial structural 

observable differences 1 physical propertie 
gradient existing in viscose rayon filaments. It 1s cote, sucks density, wnt 
well known that staining experiments on cross se eidimataitidias : 
tions demonstrate that the majority ot commercial As a method F ippre ch the tact ique rece els 
viscose ravons have a cortical laver which differs suggested by Elod and coworker ] i 141) 
markedly in behavior towards dyestuffs as compared ipplied. It consists of converting the outer laver of 
with that of the substance in the core and which ts the filaments into triacetate by topochemical acetvla 
separated from the latter by a rather sharp boundary | gion in an indifferent solvent. { "hn od te ti val of 
[5,12]. The thickness of this cortical layer, usually the acetylated Javer by dissolutior ay 
called the skin, varies according to the spinning con triacetate. By making the acetylated laver thicker 
ditions, and it is also known that its occurrence is and thicker. or by repeating the operation, a pro 
dependent upon the presence of zine salts (or certain — gressive peeling-off of the filament is effected. Eléd 
other bivalent cations) in the spinning bath [12 used this technique to investigate density and ell 


The present investigation is part of a program of ing as functions of the degree of pecling-off He 
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cose Tayon (s80-call 


density decreased and 
Is the core In the par 
ye in density was from 
well 
Increase swelling Was 
and Frohlich (in 
found that the onenta 
as deduced from x-ray 


towards the core 


mary, without giving all the details necessary for 
reproduction of the « 
rectness of his results 
addition we wish to ret 
1.58-1.60, as calculated by Elod from his experi 
ments for the cortical 
lee aceepted as 


theretore decided to undertake the pains 


taking work of applying technique to some 
typical viscose rayons under conditions controlled as 
precisely as possible and to examine the peeled-ott 
fibers by various physical methods Density, swell 


Ing power, refractive dex, birefringence, and orien 


tation according to X-ray exposures were measured 
Some X-rav measurements of crystallinity were also 
klod’s results can be reproduced, with 
the exception that for viscose fibers we observed an 


increase im density instead of the decrease reported 


tal 
acid catalyst employ 


acetylation affects to a certain extent the properties 


of the treated fiber In order to account for this 


h was apparently ymored by Elod, numer 
ous control ¢ \periments were ¢ irried aut 


> 


2. Experimental Procedure 


Our investigations consisted of: (a) im! 
ous acetvlation conditions and mixture ( ollow 
ing the course of heterogeneous acetylation with 
suttable dveimg tests on cros sect ind observing 
the dissolutior t the acetate iver under the micro 
*We al ive rea t ree th the existence ta 
general negat rr t het we itv a velh 
by 
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(c) determining the loss in weight after peel 
g-off the acetate layer by dissolution: (d) mvesti 


penetration of the acid catalyst into the 


\bout 50-100 mg. of rayon varn (total length ce 


pendent upon denier), desized and cleaned in 
1% sodium carbonate solution, was loosely wound 


on the ylass tranie 


which 1s sketched in Figure 1A 
(lett) Che trame was then lowered into the acetvla 
Figure 1B 
In order to keep the temperature ot the 


h the 


tion muxture in the vessel shown in 
(right ) 


muxture constant, a liquid wit proper boiling 


pornt was allowed to boil in the outer part of the 
apparatus. The reaction terminated, the glass frame 


was taken out of the vessel, rinsed consecutively with 
henzene, alcohol, and water, 


tilled water containing some ammonia, and then 


treated with boiling water for about 2 min 


Finally, the fibers were after-treated with hot 


barvta water (see section (), washed with water, 


and allowed to dry in the air at room temperature 


354 

7 
Muller-bath-type fibers) the in 

4 ticular example given the cha fiber core; (e¢) measuring the physical properties as 

vee Pe about 1.517 to 1.510 and the a tunction of the degree ot peeln gy ctt 

‘ee from about YO to 125° 

“ag cooperation with Zahn al R Apparatus sed for 

os) in tion of the fiber substance ( 
exposures) slightly decreased 

fe: In view of the importance of reliable information ee 

es of this kind, a reinvestigation seemed justified, espe - 
cially since has published his work im sum 

Was 

| 
ii by Elod.* 

twas found that thie the 

: 

>. 

a 

x! 

7 
wwe) 
' 
at ! 
i 
B 

oh 

ony 


air-dry fibers in the acetyl 


tion mixture If the fibers are preswollen in water 
or pretreated with glacial acetic acid atter immersior 
in water, the acetylation proceeds much more ray idly 


ular a fashion, which ts unsuit 


j 1 } 
ible for the purpose under consideration several 
tylat } 1 temy fir » tned 
acetviation mixtures and temperatures were tried, 


from which 3 successful combinations were derived 


A Method Method 


0.025 (H.SO, 0.025 (HCIO,) 0.11 CHYSO 


Freshly prepared mixtures should be employed 


Use of pure, dry toluene which 1s free from sulfur 


compounds is essential, and the acetic anhydride 


should con 


tain a minimum amount of acetic acid 
If too much acetic acid is present (as in repeatedly 


re-used mixtures) acetylation tends to proceed 


C is essentially the mixture recommended by Elod 
The acetylation velocities for these mixtures are 
roughly in the proportion <1: B : ( 5: 25:1: hence, 


the reaction times necessary to effect a given degree 


of conversion are in the inverse proportion 


For all of the mixtures the tensile strength of the 


fibers (before as well as after peeling-off ) decreased 


considerably with time of treatment. This phenome 


non ts due to attack of the cellulosic substance by the 


catalyst, and, contrary to Elod’s behef, no con 


i 


acit 

clusions are permitted as to a possible radial gradient 

of tensile strength inherent in fiber structure 
\ttempts to avoid this deterioration of the hber 


were unsuccessful. True, heterogeneous acetylation 


can also be attained by using acetic anhydride dis 


solved in an aromatic hydrocarbon with potassium 


acetate as a catalyst \ typical mixture of this kind 


was | g. potassium acetate dissolved in a warmed-up 


|. glacial acetic acid, 4 ml. acetic at 


hydride, and 6-8 mil. toluene at 100°C 


Fiber strength 1s not decreased in this mixture, 


” 
, 


We shall see be w that s e pr perties other thar 
tensile strength are also affected by the acid catalyst : 

D). Peeling-Off the Acetate Layes oe 
The solvent used for removing the acetate lavet + 
was a mixture of &5 mil. chloroform and 15 ml 
methanol. This mixture rapidly and quantitatively 


removes the acetylated skin, a process which can le 


followed under the microscope when treating fibers 
or cross sect s with the solvent \fter applying 


the fresh solvent twice, followed by rinsing with 


water, the fibers are inert towards typical acetate ae 
dvestuffs such as Celliton Red and Celliton Blue, 
which readily stain the acetylated fiber skin betore 
peeling on 
In order to remove residual acetate groups (pos 
sibiv present) trom the fiber surtace, we took the 
precaution of after-treating the peeled ons unple 


with boiling O.3.V barium hydroxide solution for 1 hr 


In a similar experiment 
acetate skin, the treated fiber became inert towards 


boiling Celliton Red suspension, showing that the 


acetate layer was actually saponities 


l Wicroscopical Control of the Process 


proved to be essential im order to establish correct 


Figure 2A shows sections of a cord rayon which 


had been acetvlated for 17 hrs (method |), stamed 
with Victoria Blue The acetylated laver remained 
unstamed; the core was dved a deep blue If these 


sections are washed with SY alcohol aceordin 


the prescriptions given for differential staining of the 


skin proper [15] 


inner part or th 


4 
te 


after dissolving off the acetate laver and applying the 


‘ 
differential Victoria Blue staining procedure 5 


In Figure 3 sections are shown of cord rayon 


which had been acetylated for only 4 h 


{ The sections were dved with \ ict 


= 
1930 
C. Acetylation Proceduri catalysts and to accept the the nevitable fiber che 
: In conformity with Elod’s method, the best results 
were obtained by using is} 
Femperature 76° 76° (b.p 40° (b.p 
( CCl, CCl, CH,CI 
Acetic anhy 10 12 
dride 
loluene (ml 40 0 45 
irregularly 
Micros 
lit 
18 
i 
ha 
' The boiling wit rium hydroxide s id not be ex 
eS pletely remove the acetate shell The latter merely ot the original skin substance is affected and the microscopi ie 
al ntrol procedure described 1 / were nes uncer 
swells in the usual solvents but does not readily dis if boil 
aim t bnling is prolonged » hrs kin ceeds off 
Ix TI for ne mpelled to use the acid 
soive hneretore, one 1s col acid most as rapidly as the core dec in the Victoria Blue test 


aleohol until discoloration of the 
core occurred The acetate laver still being ‘very 
thin, it was hardly visible in the ordinary microscope 


Phe micrograph reproduced in Figure 3 was taken 


with the phase contrast microscope Che thin outer 
hell of cellulose acetate then becomes nicely visible 
as a thin, very bright laver Phe picture demon 


trates that the acetylation proceeds quite uniformly 


bers are treated with 


li the sections of acetylated fi 
a hot su penston of ¢ elliton Red, the acetate laver ts 
whereas the fiber core remains unstained 
If partly acetylated fibers ot the type shown in 


Figure 2 are saponified with boring baryta water and 


the cros ections are differentially stamed with Vic 
Blue, it is seen that the acetylated and sapont 
hed laver of t ski lonwer retains the dve Ob 
viously, the particular skin. structure destroved 
upon acetylation followed by sapomitication 

lt acetvlation ts carried on much longet than 24 


the acetvlated laver he ns to show more and more 
radial flaws (Figure 4 vhile after still longe r re 


ition. times thre wetvlat proceeds im a more and 


more irregular fashion. Finally, the filaments tend 


fall apart into fibrillar fragments 


In order to avoid difficulties of this kind, it was 


necessary to set a limit to the reaction time In 
order to proceed deeper into the fiber, the fiber was 
peeled-ott with the solvent and then exposed a Sec 


PextTite Rese 


dp 


ond time to the acetylating mixture for a similar 


period, and so on 

By this procedure of repeated acetylation followed 
by peeling-off, the cortical laver of the fiber which ts 
indicated by the Victoria Blue test as bein the 
“skin” could readily be almost entirely removed in 


all instances investigated 


if. however, acetvlation was then carried on om 


order to proceed beyond the skin, it was usually 


found that the reaction became more rapid and pene 


tration became very irregular. Upon subsequent dis 


solution of the acetate laver, the filaments on the 


glass frame then showed numerous breaks. Yarn 


ki 3 f ‘ me? sin fig 
eve 2 ford hy \ after different 

Thin acetate layer shows up bright 


& 
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penne. 
B 
g Fic. 2 1~-C ross sections of a cord rayon which had been acetylated for 17 hrs. (method A) stained witl 
Same sections after washing with alcoho showing that acetylation has not p ceded 
heyond the skin proper. ( Section f san fiber after dissolving the acetate layer with the CHClL-CH OH 
| 
| 
| | 
4 
| 
hrs. with the fibers shown in Figure 2, it 1s seen that & 
yaad iE 


Fic. 4 Sume rayon as tn Figure 2: prolonged acetylation (method A) i 


(Differes dyed % 

tringes of irregular length instead of contmuous ing-off experiment, just removing the tiber sk tak 

} filaments were then re-collected from the frame shown by the series ¢ crographs in | re & a 
It seems that the tendency to acetylate more rap The specimen was an ordinary textile ravon (desig | : 

idly and in an irregular fashion is an attribute of the nated as “textile rayon I in Tables Il and TI1) whiel 5 
i fiber core, in contrast to the capacity of the skin to had been dulled with titanium dioxide \ccord _ 
: acetvlate laverwise and neatly to the Victoria Blue test ( Figure OA) this tiber p f \ 

In later experiments we sometimes succeeded in sessed a thinner skin than that shown im the preced By 

proceeding with the acetylation considerably beyond ing micrographs. The section ere embedded in a 

the skin without obtaining breaks or weak spots in medium with almost the une refractive power, so _— 
. the varn wound on the frame The samples of the that the cellulose 1s visible o1 where it is stained H ; i- 
{ very central part of the tibers thus obtained have — or where tts presence is revealed by the particles of # 

been included in the examination of the physical the pigment It is seen in Figure OC that only a | if 
properties referred to below We have, however, kin remained 
if jailed to control the conditions responsible for this another raye 
incidental success Vables Il and 
Figure 5 shows an example of such a case. The l fiber (the sh 
: material is a cord ravon from which 72 of the sub vs sect of the | 5 
, stance had been peeled off (ct. Table Il Che mi r4da ethod : 
is crograph was taken with the phase microscope in ( and subjected to the Victoria Blue test. Since q ; 
a order to improve the contrast between the sections — the fibers were not treated with solvent, the acetate : 
i ind the imbibition medium laver. was still present, but all the dve had disap _ 
\n xample ota progressive acetylation and peel peared, demonstrat yg that acetylation had proceeded | 
4 


| 
| 1950 $57 
B aan 
fier 24 hrs {fter ho 
The sample series used for final physical examin 
| tion in this investigation consisted of treated fiber j 
2 meticulously controlled by the microscopical staining 
mes nethods set forth above. It was attempted to br 
ry F Sra the last member of eacl eries as near as sible to 4 24 
the condition pictured in Figure 6C (skin just about 
| Fu 5 Sect f rd ra hich had been The percentage ot fiber substance removed wa eee 
peeled-off 72% Phasi vast determined by weighing a known length of condi 
ae 
an 


4 B 
ryon | for: san n acet ed (method ¢ 48 hrs.) and peeled-off 
tioned varn before and atter the peeling-off opera wre than 50°) of the fiber substance had been re 
tion lr ame case the value obtamed Was com moved (cord rayon I], method B 4 hrs the TEAC 
pared with muecros« pone il measurements otf cross tion velocity tends to mcrease towards high degrees 
ecthonal surtace \lt wh these operatt Vere of peelmny-« ti when the Victona Blue skin is sur 
mewhat tediou nd not ver ccurate e could 1) ec t was fou n this case, by measuring ; 
thus convince ourselves of the appre te contort tained cross sections, that the n comprised nearly 
itv between the two result () ot the cro sectional surtace 
These me rrement tis tlord idea as t 
the course of the reaction It seers that the rate « G. Penetra , i the leid Cata t into the Fiber 
acetvlation at the surtace of the cellu e exposed and iy 
} lr Ivy mentioned let or wr ‘ 
not by the diffusion velocity of the reagent throug! The already mentioned gradual deterioration « ‘ 
tre t if tle ea 1 led us to 
the acetvlate iver towards the locu the react > 
lt the pnount of ce ‘ wets te per unit ot 
time ds proportional to the surtace Of Celulose ex TABLE Evatvarion of Eauation (1 
posed ind, for a given tiber and a given reagent, 1s Reaction Time; A Revative Weiout Arter 
not determined ther factors. it can easily be 3 
shown that VA (1—NA 
‘ hrs b/s 
d ravon I 837 0.0095 
where the the or tibet inal ethod A 17 0.6638 O RTS 
ire the tiber we ts per 1 t fiber le li O73 
and (alter peeing-olt Is aA COMSTANTE ¢ Cord ravon U Os 0.994 0 
tertstic tor the systet {fas substituted tor nethad B 1 0.902 0.950 0.05 
tt \ ‘ ! 
0.412 0642 09 
In Table | ‘ ervat re evaluated accor 
ne t this for la t «¢ that ( ivon TT $8 0.795 0.892 
‘ al ¢ 96 0.830 (1.042 
y 0.56 0.750 0.042 
tor each ser \ tl case where 
Textile ravon O86 0.927 0.036 
} 
‘ } et 1 ¢ 0 76 0.87? 0.0382 
pune 7 ‘ in 
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was confirmed by microscopical observations on fibers and then imtroduc 
which had been previously dved to saturation with inner tube on top 
Congo red as an indicator \fter exposure to reac shown re 
tion mixture 21 for 17 hrs. the varn, washed wit! in an ordinary lal 
benzene and 96‘ ilcohol, was sectioned and exan fuged for 10 mn 
ined Phe Congo red in the center of the tibers then quickly remo 
showed i miauye color which was n irkedly ditferent vessel, and wergl 
from the neutral shade and which corresponded to a — at 110°C and 
pH of about 4; after treatment with dilute sodiun The degree of 
bicarbonate, the color changed to orange-red, mdi n percent of the 
cating that unreacted acid had penetrated into the six determination 
core 

The diffusion of acid into the cellulose is also cot For absorbent cx 
roborated by the control experiments in which a rayons, values rf 
toluene solution of the acid catalyst was allowed to 9 good conformity 
act on the fibers under identical conditions of time in the lterature, 


stim 


and temperature (see page 560) iter 


| 
{ R 
rayon IIT before acetylation Same ra uted (me Ages 
Icetate layer not rem i 
1 that the mineral acid which ts used as a catalyst night) ment of the ngle fibers is thus disturbed ah t _ 
diffuse into the fil nd lated lete] 4 
Into the fiber core beyond the acetviated lavet completely 
+ and there attack the cellulose This presumptior Phe pellet was soaked in distilled water for 2 hr en 
: 
by meat of forceps mt the 
of the glass ba the apparatu 
Phe apparat ‘ ther placed 
Tatory centritupe and Was centri 
at 2,500 Phe pellet was 
ed, placed Hite i closed werhing 
\iter that the pellet was dried He: 
hed again 
1 ot 
% velling is the weight of the water 1h 
Irv we iv} t of the pellet Iwo t 
Bs vere made and the results were se 
| 
tton, Av Vas nd: for severa t 
- 
j ging between &5 nd OS W 
ith macrodetermiunations reported 
ere tound The experimental er 
Deisrmination of Density and Retractwit 
dependent upeo fiber denier i factor which ha 
rhe 1 nained } 
am Density of the completely dry tibers and their re reniained eyond control We therefore cannot i a4 
tractive madices tor ight polarized parallel] with nal iTribe great pres n to these value i 
a 
perpendicular to the fiber axis were determined a 
Ee: cording to standardized methods which have beet 3. Experimental Results ja ee 
published in detail 13, 7] Phe fiher 
wTs selecter or estigat 1 were a tire ; 
cord ravon with a thick skin and 3 textile rayor 
designated as I, Il, and If vith relatively thi 
“hy \ micromethod was used About 20 mg. of the kins. No. | ‘ mercial I t ee 
varn in question was cut into lengths of 1.5-2 a 
varn im qu was cut imto lengt! choice .o. Il and No. JIL were 
\ pellet was formed from the cut fibers by rolling experimental pun rdinarv kal 
then een tl ore irallel aligy eu in bath with no tretch and witl 
hy 


SO) 
70 tretch (applic See hot bath), respec 
five 
I he I results require separate treatment (see 
ect he other propertie tudied in 
relatvon to re devrec of peeling-off re viver 
Table I] vhich are listed the percentage of 
ibstance re ed, the prin ipal refractive mdices im 


the hbone-drys condition, the 


iveraye retractive 


hin the birefringence, the density 

vleulated from » ind the density determined di 

rect the onrentation tactors is derived from bire 
irinvence and those d termined from x-ray chagramis 
ection re finall the pet ntag 
(see also ction . i finally percentage of 
elling 

It has been st n 13,7] that it d is the density 
as determined after the method used in this investi 
gation, then the quantity. ( 1) d is a constant 
for all cellulose fiber unounting to 0.3570. With 
the un of tl cr tant the calculated densities” 
vere ted trom the nayority ot Cases 
the checl vell with the observed densitie It 1s 
our experience that the « perimental error densi 
ties calculated from refractive power stnaller thar 
that m the densities measured direet! lt the rela 
tive density of various sample is of mterest, the 
ul represent the more precise values 

In Table ILL a number of observations are recorded 
for experiments which were carned out as control 
The other expern ent erved tor tudying the entiect 
ot the wil catalyst o the tiber under con 
comparable to th ¢ prey ng in the acetvlation es 
peri ent | mwever:r, the i ence 
dnde, tor which was bstituted ar eq 1 volume of 
dry toluene.4 

In Table IN re ven the mecl cal properties 

ofl tire-cord rayon peeted-a riu degrees 
using the 3 ditterent acetyl n procedures with an 
acid catalyst mentioned ect Penacity 

} 
and elongation re averages of 25 su tiber tests 
the deniet values are iveraye SO) deters nations 
using the vibroscopre method 

is recalled that rientati the 

tr tute a react ‘ {late ete enta 
the bired nce of the fiber by 0.050 (see 7 

ent a mea re t the ver-a tat i . 
titative eva it tt \ i i i it t t 
an ib ‘ any crvsta 
porti f the tit ‘ 

t After 1 iid treatment t tt ashe ut 
treated f l \ t exact 
the same WAV a atter ft i ty t ox ent 

: 
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Table \ 
before and after acetylation with 
(potassium acetate } 


increases with 


| 433 
+ 
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gives mechanical properties of 2 rayons 


: 
| a nonacid catalyst 
denier, of course, 
acetviation Since in this case the 
<-----d 
ZW Mem. | 
»rudser 
ql | 
q 2.5 cm. 
q 
= 
“id 4 
Q tul for det nination of 


TABLE Il. Properties, Density, OrrENTATION, AND SWELLING AS FuNcTIONS oF DEGREE OF PEELING-ort 


} 1 ri 
Method ¢ 50.0 1.544 1541 1.54 13.5 1.528 152 0.2 0.58 119 

Text rayon 0 0 1.568 1.531 1.5434 $7.1 1.52 1.52 0.74 O86 73 
Method ¢ $a 58.5 1.571 1.536 1.548 35.9 1.535 1.536 071 0.83 106 ; 

acetate laver Was not ren ved (see section 2 and \s to omentation, hows that all of 

since the absolute strength is the value of interest, the the cases inve stigated the birefringence decreases to 
tenacities of the acetvlated fibers were calculated wards the center of the fiber This 3 yrapl wally “y 
using the demer of the fiber before acetylation illustrated in Figure this effect is im conformity 


4. Discussion 9 ‘ birefringence 


eterioration of the fibers owing to the use 


lre 
is indicated by the data in Table I\ Tenacity 
and elongation decrease with mcreasing time 0.7 
treatment. (Table V shows that no such deteriora ~ —“8Sorg i 
tion takes place if potassium acetate is used as the i 
studs of the difference In properties hetweet skin ay 
we 
and core In particular, it affords no information on 0.4 ~’—————“4 I j 
the possible existence of a radial gradient me 


its onmentation However, conclusive evidence on . 2 
° 4o 60 


ensity and swelling—properties which may be af 


Am ft retract in 1h ter wt rs 
peeled-ott Refractive indices thon lated mined il X-Rav Swelling 
Sper en Reaction time mit my ~<10 from directs 
Cord rayon I] 0 1.566 1.527 1540 37.7 1.514 1.516 0.77 0.89 
Method ¢ davs 1.566 1.530 1342 1.519 1.520 07} 0.89 RS 
4 davs 31.2 1.566 1.531 1.543 34.5 1.521 1.52) 0.69 0.89 
2+2+42 davs 43.8 1.566 1.532 1.543 1.522 1.523 0.67 0.89 
> 1.568 1.533 1.545 38.7 1.526 0.7 
Method 3+ 2 day 56.6 
72 1568 1.532 1 S44 6.3 1524 1.523 072 
Method B 2hr M4 1.5298 1.541 6 | 0.75 
S67 1.53] S43 0 1%? 1.523 07? 0 R89 
Textile rayon 1 0 0 1 SRA 1.536 1.543 20 1.522 1.52.) O44 
Method 2 days 14.0 1.5587 1.537% 1.544 14 1525 1.525 0.43 
days 4.1 1.558 1.538% 1.544% 19.7 1.S2¢ 1.527 0.39 80 
$+24+2davs ~350 15587 1.538 1.545 0.0 1.527 0.40 84 
dave > 50 1.558 1.538 1.545 193 1.526 38 
OR 
a 
5 
The 
24 
a 
Be. It is safe to assume that slight chemical attack on O77 Fale 
| 
the fiber by the acid catalvst will not greatly affect 
° 
lo peeled off 
eae tected by the action of the acid——will be difficult, if sel 
not impossible, to obtain and will require special 
Per nog i( 17 j 1 te ra ; 
consideration / ” i iil 
Beal 
as 
’ 
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Opserven is Variots Conrrot EXPERIMENTS 
AND Actp CONCENTRATION SAME AS IN ¢ 


SWELLING 


ever, not very large cord 
Decrease amt orrentat 1 toward tin core Is 
real structu 


corroborated by tl 


was not investigated ving t the presence «ot LABLE IN MIE CHANICAL 
of wal Rayon Fibers, Using an \cip Cataryst 


the measurement thre ord ravor thre \ nt Strer } 
onmentation factor ret unchanged 


Decrease mn luretringence niet or lng 


| 
| 
| 362 ; 
Time of Double Density Swell 
eT treatment Refractive indices refraction Cale. fror Det'd ing y 
ntreated 1.566 1.527 1.540 $7.7 1.514 1.516 
Pastial acetylation { wed 
Saponification in 0.3.\ Bal(OH 1.566 1.529 1.541 $7.2 1.518 
b) Saponitication in a 1.564 1.529 1540" 15.5 1.515 3 
100” ¢ 
lreatment witl etic anhydride 1.565" 1.528 1.540 37.1 1.515 
icid catalyst alone in toluene 
Freatment without acetic anhydrick 1.565 1.528" 1.540" 36.4 1.515 
cid catalyst alone in toluenc 
lreatment without acetic anhydrick 1.567 1.529 1.541 1.518 1.516 
wid catalyst alone in toluene 
lreatment without acetic anhydride 1.566 1.528 1.540" $7.5 1.515 : 
wid catalyst alone toluene 
Treatment without acetic anhydrick 1.506 1.529 1.541 6.6 1.517 
4 
x catalyst alone in toluene 
Textde rayon 1 
Untreated 1.558 1.546 1.5434 1.522 1.520 
Acid catalyst alone 1.552 1.536 1.544 1.524 
catalyst alone 1 558 1.535 1.543 1.7 1.592 
\cid catalyst alone 1.559 1.537 1.544 22.5 1.525 1.526 
Textile rayon Il 
Untreated 1.554 1.534 1.541 19.1 1.516 1.518 738 
| > - 
Acid catalyst alone 1.585 1.5.35" 1.542 19.4 1.519 1.517 76 
a 
Textile rayon I11 
Untreated 1.568 1531 1.543 37.1 1.523 1.525 73 
\cid catalyst alone 1.57] 1.532 1.545 30.3 1.527 1.522 70 
(a) and refer to pa te ‘ hich were saponitied withou previous peeling-oft 
q witl previous ort other author determined directly The course of these density 
ie [12, 13, 16 Phe magnitude of the etfect how values is graphically represented in Figure 11 for iF 
and for the textile ravons | and II] 
a 
4g as to whether the density increase is a pi 
a ral feature or whether it is an astifact du ei 
rayveu I] i (sce figure 1) rayon 
Orr Corp 
Me: 
Llonga 
sidering the relevant value n | e tl, itis seen 
17+ 17 hrs 1.46 $7 1.33 0.50 10 
that in all cases investigated re} ! t cor 
Method B 1 Shy 101 1&8 OF 1 7 
Shr 18 173 1.26 13 19 
only mean an merease erisit strated 
the densities calculated tt ind the ensitres Method ¢ 1.85 »40 16 
| 


10 
535) density 


1530 textile Z7 | 


1525} a 


t 


| 1.520 

| 
peeled off 


1 
Fig. Des bserved by flotation n nd (black 
yinbols ) and comp fi ff fafa fer sy) 
} s) as functions of peeling-off | 
ig 
>, 60 periments refe rred to in Table pre sented suth } 
off cent proot that it was not Independent evidence ot 
the existence of a real density gradient seem there 
by 10 \ rie n factor as a function desirable Such evidences eens to be furnished 
from electron micrographs of thin secty of a tire 
cord ravon. which show the occurrence of numerou 
to the action of the acid catalyst is given by the con : Ma 
‘ tinv gas enclosures, measurmy about 0.2 micron an 
trol experiments recorded in Table II] The data = 
smaller, in the “sku part of the section : 


show that little or neo density mcrease WAS observed 


‘ 
Further details of 1 work wall be 
it partially acetvlated fibers were sapor ified back to ‘ : 


' separate] \ preture of this kind was published 
cellulose without previous peeling-off, 


1 1 " earlier in a Letter to the Ivditor of this Jou RNAI 
is tor the numerous stil more sig 


(February, 1950, issue, page 105 It is reproduced 


were treated with a toluene solution of the acid 


catalyst alone under identical conditions. The max! ’ 
cose rayon, fon rt \plan the ds ved density 


mum increase ( x 10 of (optical) density observed , 
gradient (The investigation of other specumens 1 
for the various specimens is sunmarized below 
progress li we venture to calculate the 


the observed densities (the fleures obtained wit! 7 


independent 1 ethod } king well with « h other). tome Leitz, Wetzlar) accor to the method indicated by 


ie 
| 
ty 
a8 
| 
0.7} | 
* 
published 
Phis also hol 
nificant experiments recorded in which the fibers 
Cord Vextile! Textile Vextile density of the removed skin from the density of the 
pies Peelin ft 12 5 12 11.5 origi il fiber, d and the obser ed den ity, d ot the { cou 
lable II core (less 4 10°. correcting for the average error 
lable HI due to the acid treatment), the lolowing equation 
hould he used 
die Phus, it would seem that the density gradient is real.* 2 
Although there is no doubt as to the correctness of l a é 
the question may still be raised as to whether the 
(1949) It etting this 1 rotome t it secthor 
density was affected by the operations to which thickne the 
aa fibers were subjected and hether the control ex tamed many ere ! ral t ner tha 1 mcr i! Ces 
ere thin et for wee ful exat ation mm the electro 
| reported observatior are im contr anton com lhe sthior heed ¢ Dr Bret neider for 
red to those of El anil « rkers ) iimed that there is vice and a tance and to the Institute for Electr Mi Raph ts 
a decrease in denait towards the re fibers the copy sical Laboratory f the Te al University 
M er-bath typ ef. [14] Delit) for taking the | tographs ig: 


centage density increase taken from Table V1 


greater the density increase the greater will be the 
porosity of the outer layers, and it is seen that the 
reaction time actually decreases with mereasing y* 
rosity, thus satisfactorily correlatu 
action velocities with the density measurements 
(Contrarywise, there 1s no correlation between re 
action veloc 
core. } 

he correlation between density 
nucrographs, and velocity of acetylation is given with 
some reservation until further evidence is obtained 
In the case of textile ravon II], the density observed 
for the center of the fiber reached a value as ln 
1.535, which is rather surprising since the highest 
densities previously observed for regenerated cellu 


- 
lose were well below 1.530 (¢f. 13, 7] ) 


As to swelling power, less conclusive evidence can 


be derived from the observations listed in Table II 


and graphically shown in Figure 15. True, the 
measurements suggest that mm cord rayon swelling 


remained constant up to 50‘ peeled off; in textile 


rayons IT and II] swelling was constant up to abou 


Lin rigu him was fu printed on a 
fiaposttive film and a paper print fr tit tther iw her 30 peeled oft, and increased at higher degrees of 
reproduced, ) conversion which reached beyond the fiber skin 
(Textile rayon [ showed little change up to 50.) 
where x is the fraction peeled-off and d, is the den However, the control experiments in Table II] re 
sity of the ski he results are listed in Table V1 veal that swelling may be considerably affected by 
If the observed density increase is actually due to treatment with acid alone, although in the reverse 
porosity of the outer lavers, the different velocities of SETISE It seems prudent to forbear from drawing 
acetvlation of the ravons referred to im Tables [land anv defimite conclusions regarding a radial gradient 
HI] heeome comprehensible also f swelling power, as has been done by I:lod—the 
hese differences in acetvlation velocity are shown «more so because the determination of swelling in turn 
in Figure 13. 1n Figure 14 1s plotted the time in days may be affected by the denier of the tilaments (cf 
required to reach 30 icetylation against the per- section 2/) 
5. Investigation with X-Rays 
TABLE \ Prorverties oF Two Rayons 
Rerork AND Arter Parriat ACETYLATION WITH The aim of this investigation was twotold: to see 
a N CATALY whether there exists a radial gradient in orientation 
te 
Strength® blonga ind whether there is a difference in crystallinity be r 
tween the outer and ce ral parts ot the fiber 
Dry Wet 
1) ‘ 
Pextile rayon IL, not 10 1.03 17 FABLE Density d. of SKIN CALCULATED 
treated PROM THE Owservep Denstry d or Cort 
Textile rayon p 1.20 19 18 
Density 
tially acetylated 
crease 
> Sper en x d d d 
leatile ra +8 144 $2 
Cord ray 06 13814 1519 0.83 
Vextile rayon HL, par- 8.80 32 36 Textile rayon 05 1.5822 1.523 1522 0 
tially acetylated Textile rayon TI 0.5 1.516 1.524 1.508 1.05 
* Calculated the nontreated ‘ 


fa 
| 
PextTice Researcn JourRNAt 
4 
y 
; 
| ‘ 
a tire-cord-tv he scose-rayon filament Vagnification 
| 
| 
i 
| : 


So textile Z 


Orientation was studied by taking photogra 
well-parallelized fibers with filtered copper radiation 


grams according to a we 


and evaluating the diag 


established, accurate procedure |2, 3, 6] 

Crystallinity determinations were carned out by 
taking exposures from standardized isotropic fiber 
pellets with strictly monochromatized copper radia 
tion, using a quantitative technique which had been 
described pre viously |S, 9] 

The results of the orientation measurements are 
summarized in Table VII. The quantities sin‘a, and 


sina represent the aveTraye squared sines of the 


Sbdensity difference 


Fic. 14 Time in days to reach 30 acetylation 
Piotted percentage lifferenuce in denstit f hin 


and core (taken from Table I'l) 


swe Hing 


{oo 
A. 
I 
| 
L So 
| 
° 50 
% peeled off 
ng fouwr as a function of 
orientation angles of the two paratropic planes 1 


and .4, (the lamellar plane of the ribbon-shaped crys 


tallites in which the hydrogen bonds he and the plane 
nearly perpendicular to it, respectively); sin’a repre 
sents the average squared sine of the onentation an 


es of the crvstallite fiber axe The orentatiot 


factor f, (also listed in Table Tl and grapl ically pre 


f ] (sin’a, + sin’a 


For the cord rayon sample no change in orienta 


tion was observed up to the removal of about 60 


It is seen that for the two textile rayor where a 
gradient of onentation exists, it is mainly, if not 
xclusively, the orientation of the 4, planes which 

and becomes lower towards the center of 

\ closer analysis of the probable meaning of th 
observation leads to the conclusion that the difference 
in onentation between skin and core is due to a 
different magnitude of tensions or deformations hay 


ing acted in the /atera/’ direction, rather than to a 


different amount of stretch in the direction of the 


fiber axis.* Birefringence phenomena observed in 
rayon cross sections [4] furnish certam evidence im 
support of this conclusion 

*As is now well 
ngitudinal stret ra) f ent earlier reveal 
itself 1 erent orientat t ! 101) plane 


i 


| 


\voust. 1950 505 
{So; 
acetylated | | 
ha 
2 4 6 days “ae 
Fic. 13. Progress of acetylation as a function of tum | 
for the rayons referred to in Table 11 
1 
4 | 
sented in Figure 10) is related to these quantities b 
the equation 
>~6 of the fiber substance 
_Cord 
2 
| 
| 
ye 


deformation 


, ciated with effects of lateral shrinkage 


wise stretch imparting umanxial onentation, anc 


part to lateral forces giving rise to a preferred onen 


ence phenomena as observed on cross 


sections ¢ rayons with low over-all orientation (cf 


fe rayon TI] Curtes | Before fPeeling-off (which always tend to align themselves rpendicular 


, tors of the skin substance can be computed im_ the 
From the intensity distribution a ‘the Debye i 
usual way The values thus obtained are listed im 


Scherrer circles on the photograph of the original 


ind that of the pecled-off fiber, the corresponding Fable VII \lso given isthe orientation factor 


which was found for cord rai which had heen 
nen Wiis ound ord avon which me 
intensity distribution of the peeled-off skin can be 
treated in a cont experiment with the acid catalyst 
computed, This is of interest for the textile ravens 
mive tigated particular, tor Ni 1 | vhicl . 


fcant change in orientatior 
pun without applying additional stret The : 
ne Testu ( c! dete ons are com 
tensity distribution curves (intensity plotted agamst 
1 piled in Table VIII represents the imtegrated 
ingular distance from the equator) are reproduced ; 
intensity of the ervstal peak !,,, the height of 


part of Figure 16 the curves numbered 3 are for the PrABLE VIL. Resutrs of X-Ray 
kin obtained b ubtraction of 2 from 1 ORIENTATION MPASUREMENTS 


Sper men n 


Na 


Cord ravon 0 0.0207 O.0O507 0.0714 

row anki < entire 1 i Ta er Wel raven 00213 00723 O89 
omentated ravon ( wnterterence is just sep Cord ra 31.2 805038 OOT1S O89 

1 $38 OO285 OOSO7 GOT742 OR 

trated tron the O21 interference whiel es tine 4 
rd-ra sR 8 OOD: O496 180699 


m equals OO result is in support of the cor Peatilé rayon II 0 0.068 O186 0.254 0.62 
Textile ravon 0 208 0.278 0.58 
rectness of curves | and 2 Ind vives conhadence that 


the anomalous sl ipe of curve (tor the eT COTE lextile ra 0 OOR3 OR 


is real The latter thus reveals that the state of — Textile rayon II S85 0.034 0.076% 0.1108 0.83 


If at a eiven angle from the « tar the tanaities cit lextile ravon [LE 0 068 0.179 0.73 
curves 1 and 2 are nd respectively. and if the pee lextile ravon TET skin 0.021 0.039 0.000 O91 


is wiver y the Contr eXper er 0.047 0.069 


Textire ReskarcH JoURNAI 
| orientation t the core, m contrast to that of the 
wre skin, differs from that obtained by the unidirectional 
Ser must have occurred which can be ass 
| | 
Ey fo. 3o e core substance has been subjected nu part to a length 
So! (021), So} 3 tation ot the 1, planes perpendicular to the tiber axis 43 
4 
ircies for tie twterferencs \ eft) and A (riglt wure 16, the lamellar planes of the crvstalhtes 
\h 
wens ifler peeling-off pul fer to the direction of shrink ie have almost the same 
uri curce for the kin a angu 
orientation in both skin and core 
3 ar distanci rom the equator 
E Krom the differential curves 3 the ortentation fac By 
q {> 
In the Upper prart igure TO tor the nterteT 
4 of th morphous background both 23 
<pressed im arbitrary units is the tal dif 
aq Curve numbered | refer to the original and. those =F 
: numbered 2 to the peeled-ott tibet In the lower & 
4 3 
Phe intensity curve 2 of the of, interference for moun 
thre pecled off ther ha unusual It ts 
une Debyve-Scherrer circle and has tts miuaximuny at ‘ 
| 
fraction srt thre ferentia rt 
6 days with acid alone 
4 
te 


fracted intensity between 26 = 7° and 42°, whicl 
sho ( t stant or il ce 1 It rrow X-Ray Data 
seen that the crvstallimitv does not show anv sig Je | 


nificant change with peeling-oft The values are we 
| 
quite near to those normally found for the majority Specie 
é 
viscose ravons and indicate about 40° crystalline Cord rayvor 0.5 115 55 140 
portion Perl ips there is a sight mcreasc t the dite 
highe iegrees Of pec g-olt, ch, however, 18 a 1% <1 130 ne 
Me 
effect of prolonged action of the acid catalyst and is Textile rayon III 0 110 37 $30 ae 
not due to a structural gradient, as corroborated | Vex $50 


the control experiment (treatment ot the tiber tor 6 Contr expert 
davs with acid alone), where a corresponding small Cord rayon treated 
for 6d with 
increase was found. It was recently shown [10] that . ” 
126 { 130 


The photometer curves of the monochromatic €x The anomaly in qu 


posure of the original cord rayon showed an anomaly nent of the fibers in the control experiments witl 

in that the normally existing minimum between the — the aerd « lyst alone. Fibers thus treated also taal 
two principal peaks (.1, and 4, +0214 4,) was te show a skin-core differentiation im the Victoria 
unusually low Phis rendered tracing of the Blue test. Obviously, the typical skin structure | 


background and, consequently, determination of crys 


This anomaly has more than once been observed tation, as 


or rayons having a thick skin [8,9] and seems to be Wuhrmann |16], Morehead and Sisson [12], and 

in attribute of the skin substance.* It seems to have and Zahn ([1] ; [24] ), 1s contirmed by the 

heen observed also by other authors [11] and was present work 

ascribed to the occurrence of cellulose I\ Shortly after the present work was started, the 
We have made elaborate efforts to analvze this author had access to an unpublished preliminary re 


ich had been peeled-off after metho 


conclusively the cellulose [IV assumption does not wl 


\ GUST. 1050 
ie upon acid hydrolysis of regenerated fibers a m irked | di 
inerease in crystallinity occurs The acid catalyst 
ies used in the present experiments may have acted m ences in line width are re pon sible tor the observed if y 
a similar way anomaly 
as result of the action of the acd. Fu 
a tallinity very uncertam For this reason this item ther work 1s necessary to explain these observation 7. 
ae is not meluded in Table VII Summarizing, the existence of a grachent im orien is 
previously discussed by Preston (13 
Sy: phenomenon im applying various other techniques oft port by Prot. O Kratky on an X-ray investigation Sie 
Fee exposure, without as vet reaching any other detinite (earned out during the wat on the angular widtl aoe 
} ved of the 1 interference for a Gen 
conclusion except that (as we beleve to have proves th miterierence tor a fsernivan textile 
tee hold. It would lead us too far afield to sav more vork of Kratky showed the same effect to exist a , 
ie about the subject at the present has also been contirmed here 
Morehe id and Sisson 112 also mamtain that the Veet rding to a verbal communication bn Kratky, 
skin substance shows particular behavior veral other rayon specimer were al () ITIVE tigated | 
Aare Although being rather brief on the matter, they clain by him at a later date. In this work, the details of a 
bove evidence that the degree of crystallinity or lateral vhich were lost durin g the war, the une result wa : 
order” is less in the skin than in the core, and they obtained im ali Cases except tor Bemberg cuprammeo 
apparently deduced this evidence from line breadtl For this fiber a reverse effect was found 
Wee 
studies in that the orientation mereased towards the core 
& Thus tar, our own work does not permit us to eb | = 
ther confirm or contradict the theory that diftter eummary | 
Ee | By a special prdécedure, filaments consisting entirely of This paper presents a contribution to the knowl i 
| Victoria Blue tests, have edge of the inner structure of viscose rayon fiber 
eel ore ced sheorators | ‘ but the 
question entirely disappeare peeling-off of cellulose tibers by acid-catalyzed top 
ay 
By 


chemical acetylatior i! i! indifferent solvent and 
hsequent removal of the acetylated shell by disso 
er re-examined and found to be 
pplicabie t \ fa Detatled imstructions 
for carrying out t method are given, and the re 
ults ot if ip] ition an imvestigation on the 
radial gradient of physical properties in some typical 
Taye ire presentes The hbers 
nvestiy ted ere tire-cord rayon and 3 textile 
r ! ill of whiel mn the Victoria Blue test ex 
hilnted at ] cal skin-core differentiatior 

Phe course of acetvlatior ind peeling-off Vas Wile 
th isly controlled | dyemyg te ts apphed to cross 
ection Kelevant micrographs are reproduced, The 
velocity of acetvlation was studied, and it was found 


t! it alter penetration hevond the skin the velocity at 
the reaction tends to merease and the attack on the 
wcoomes less regular It is shown that the acid 


catalyst diffuses into the fiber core beyond the zone 


of peeh y-ott up ta 


reahzed pl vical properties determined were 
refractive mite nretringence, density as determined 
from refraction measurements, density as measured 


by the flotation method, 


we lling Wer, al d echant 


eal propertre In it omentatior and ervstal 
i deduced tron eN\posure were 
nvestigates 

In general, result were reproduced, with 
the exception of those regarding density It was 
found that a thre peeling ott proceeds density and 
velling mcrease ul | deere ises 
Orientation of the crystalline portion, as computed 
from x-ray photographs, remained constant in- the 
tire-cord rayon and decreased im the 2 textile rayvons 
nvestivated It 1 | V1 that the vracdient noover 
ll mientatior { the itter 1 due exclusively to 
chanent orentation of the LOL and OO2 ind 
pl ( of the ervstallites with respect to the 
vhile the orrentatrior i the lamellar 101 
(4 remams constant Ne ditference 
ervstallint between the ind inner lavers ot 
the fibers was found 

Ne nifeance ca he ttached t the observed 
considerable decreases in te le strength and elonga 
tron since these are the result of the degradation 
effected by the acid catalyst used im acetylation 


( ontrol 


PeEXTILE RESEARCH JOURNAL 


olution of the acid catalyst in the 
ut without acetic anhvdride, were 
order to examine the possible effect 


ny of the physical properties investi 


t on orentation was found; deasity 
W 
uv Siightiv, i at all 


However, in 


lling power was considerably changed, 


opposite sense as in. the peeling-off 
experiments It is concluded that, in the latter 


experiments, the observed gradient im orientation and 


probably also that in density is real, whereas evi 
dence on true differences in swelling power reniains 
somewhat uncertain. The observed increase in den 


sity is contrary to the statement in Elod’s paper 
which claims the reverse effect in fibers of this type 
\n electron micrograph of a tire-cord rayon 1s re 
produced showing the presence of numerous tiny 
voids (with diameters from 0.2 micron and smaller ) 
in the skin region. This would seem to explain the 
increase in density observed for this fiber im areas 


ser to the core 


It is reported that the skin substance, when ex 
amined with x-rays under certain conditions (ex 
posed.in the form) of isotropic pellets), exhibits a 


peculiar anomaly as compared to ordinary regener 
ited cellulose Phe true nature of this phenomenon 


cannot as vet be elucidated 
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experiments two. other 


with Du 


on 


neved namely, Pont's 


Specimen days 


16. Wuhrmann, K., Helv. Chim. Acta 28 


tire 


TABLE I 


ipplied Phys. 17, 924 (1946) 


TEXTILE Ke 


(London) 


lextice 


); FIAT Final 


ers 


666 (1945) 


in press, peel 
ravons were 


cord 


199. 


comments } 


‘creases towards the 


Tavon 


dura, and cuprammonium rayon 150/112 from Amet 
ican Bemberg Corp he results are ted in the 
extension to Table Il 

According to microscopical investigation, the skin 
was almost entirely removed from the Cordura tibers 
after peeling-off 620. It is seen that the onentation 
decreases and the density imereases towards the core, 
the former effect being surprisingly great m this case 

In the cuprammomum fiber th entation eflect 
is reversed im that the orientation increases towards 
the core This is evident trom the imereased bire 
fringence of the peeled-off fiber 

Curiously, the \-TAN orientation factor exhulnts but 
a small (if any) rise The density gradient show 
the same trend as im the previous case 

The material offered in this paper atfords further 
evidence of the fact established im this laberator 
that the proportion between the optical and the ray 
onentation factors of rayon fibers 1 intable im a 
wavy which is and for reason vhich are still obscure 
Summary 

For Cordura tire-cord rayon the orientation ce 
creases, and in Bemberg cuprammonim tiber iti 


core 


il 
\veust, 1950 S60 
Onentation 
4 Reaction Amount Density factors 
time peeled-off Refractive indices refraction calc. from OF X-Ray 
S07 1.528" 1.541° ik? 1.517 0.76 0.90 
5678 1.531! 1.543 1.522 0.71 0.75 
1.583 007 0.86 ae 
istrv of Cellu “Cordura” Type 237, 1100 480, designated as Cor 
dam, Elsevier 
1 Vermaas, D 
be 
= 
J. Polymer Set 
i 
ky 
| 
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Studies on the Microbiological Degradation of Wool 


Digestion of Normal and Modified Fibrillar Proteins 


oe William H. Stahl, Bernard McQue, Gabriel R. Mandels, and R. G. H. Siu 


Contribution of the Quartermaster General Laboratories, Philadelphia, Pennsylvania 


5 


‘ ‘ 
ary factor rate of digest i fibrillar proteins were 
posit the molecular a In keratins, the degree of poly 
mer the eatest rta er the egret polymerization, pr 
1 my | t metrical ct t 
ntroduction evaluation of our di n terms of a possible mecha 
nism of the degr on of wool by fungi will be 
ile 
tey unodertaker order eter ‘ 
hether 1 Experimental Procedure 
whether he re thw Vee their che 
cal and physical structure and their digest tv 
a da 
tive vool-degt ne cle top) te nT 
he « t the lhe eep-wool used tudy ed a 
uch or was con nuted to var S Phe tol 
thie clivest 1 ! Vin ree hibrvdar 
wing list gives some indication of the substrate 
te were ti Ket ~ ct hel 
marticle size 
und cu the erat s are char paren 
t A he thi 
wter thre ( { i Ra eng whole w beer 380 mom 
nad t alkalu \ Range of diamete f whole w bee 40 
ent yx eptide cha of kerati prest Range gin chopped w 0-200 
: ta eter ol i ville 10 
held te ether | ‘ re tite 
2| ( wel list hy ' eratl } ( re tri el vashed meces ¢ hoot ul 
‘ ver cvst tent ] t horn were dned t S50 ¢ or 4s 
water Sit} t t hur hr dere i ha eT « pped w t} i 
rye ts von +) eve, extracted h aleohol ether passe 1 
alanine nil t te alkaline through a Whale 1 | eve to detinite 
( t pre pra cle Cs eathers 
evera the ed were nurpos d were washed witl extracted. with alcohol and 
| 
ed fr the the ether, passed tl Vile sieves 
to vey the itl reached Phe silk-tibr raw s ‘ first ‘cle 
thre ‘ thre evradat wool] yun ed vith te ip si 
thy } ne teri } 
Won ( i ever appears as at 1 1 indi treate is Ve 
termediate in the actual nucrobrological-degradation The collagen used was prepared. from cowhide 
process. (In a subsequent paper of this series an which had been dehaired by liming in 4 volumes 
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pes 
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ty 
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from the 
rsenair 
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ede Fe 
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ee 
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ay! 

| : 


heated 


rectly 


moculated wit! 


seu 


ite HCHO + HCHO 


d 


: 
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aturated Cai QOH} cut mto cubes, and washed nm. lengt! between the vertical jaws ot stainless 
with acetic acid several times and then with distilled — steel clamps with as nearly equal tension as possible Chae 

ater Carb ioxide was bubbled through the on all fibers \ platform, placed beneath, was ar ipan 

i AQUCOUS SUSpens the pli Was constant ranged su) that when a weight was attached the 

at about pH The cubes were dehvdrated by ace Trott clanip h ling the fibers a 100 extension ‘ ro 
tone extraction at room temperature for 24 hrs., and would result The fibers were then steamed for 3 Pes. | 

4 

‘ were then air-dr Phe frozen cubes were ground hrs., after which they were dred in their stretched UT 

together with drv ice in 

yet sith at ice na Wiles state The port not tber between the cla ps Was 7 

n } } ] 

4 \morphous reduced wool was prepared by the clipped to a yery short length for use in subsequent ma 

method and Michae Is 110 Reduced expermmentation 

i wool, retaming the physical properties and histologi ae 

1 cal teatures of norma wool, was prepared by the / DD stibility of Normal | . w Proteins We 
method of Geiger cla oxidized wool was 

prepared by oxidizing a wool suspension with For re ibstrates thirty P 

: nmiaterial SO of wy lation 12 ie 

: for IS hrs., followed by thorough washing nutrient ut sortie <0}, 

ie Several sai ples ot woolen cloth * which had beet slain “on Phe substrates, wit the exception of ey | 

1 llagen, wet sterilized 1 ut lay Some 

mod tied reducing d alkvlating, whersis the ct 3 cre terized LOCclave or Son 

at 120°C (15 Ibs. pressure Since collagen is quite 

Feactive inkage was replaced by an yu 
readily hydrolyzed by moist heat, a special means of 

14 terization whi \ Ss quit \ i ul | 

i4 he salt solution, to which a fina onc. of 

crystal id b lded. w utoclaved 

percent substitution was not available, it appeared to 

| rately \t this meen tor ommmon nina 

were as follows ing bacteria are inhibited lhe dry collagen was 

at C in wacuo for 2 hrs. and weighed di 

into previously sterilized flasks Phe sterile 

AS Sample freatment salt solutéon containing the dve was then added a ep : 

Kd 1 None 114 tically to the collagen Pwo-thirds of the flasks were i= 

Calcium thioglycollate + propylene 8,2 suspension of Microsporum gyf 

: 

Sodium sullo\, 11.0 IM 196 Por For each digestior period of 

2 

one step 3.6. 10, 14. and 21 davs. 2 unimoculated flasks were 

osulfite + ethylene 5.0 used for determination of the solubihtv of the sub 
bromide (one step | 
trate in the salt solution, 2 meculated flasks for ce 
: 
ermunation of tal elise plus ut 
Phe other chemically moditied sample is known termina the total resid nycehium plus u 
digested wool), and 2 flas| for determination of 
prepared by reducing keratin at neutral pH the 
n determining the percentage digestion. 2 
presence ofa detergent of the alky henzene sulfon te tiie ercentaye digestion, a corres 
‘ tion must be made for the residual mycelium weight 
oe tvp \ compound results whereimn the group Mink Wweiphi 
m moculated flasks his equals 1.5 tin 
of the protein unite throug! <alt formation with sul i Hash WEIL equa tre 
the weight of the residue remaining atter 10 min. of 
‘ ; m Since there : ‘ 
tergent was ren ved, the product was « xidized, and ( there aiwa i 
mall portion of the substrate which is insoluble 
the fibers were produced by extrusion throug! of 
ae wiling NaOH, this value, given in Table I, is sul a 
racted from the above calculated value to give the 
or Stretched fibers were prepared | placing a combed i nan 
true mycelium weight The values for recovery of 
bundle o appro mately SO fibers (approxi ite] & 
ear ubstrate in unimoculated salt solution, given in Table 
hl Obtained through the courtesy of De. A. E. Brown of 1, are used in calculating the final percentage diges Ae | 
the Harris Resear Laboratori Washington, D. ¢ tor 
ae sis he shoe 
AEE Obtained from the Western Regional Research Labora Chis correction factor 1.5 was obtained in the tol Foe 
tory, U.S.DLA., Albany, Calif Manner \ 4-day growth ot Iypsew 
| 


Hled v ater 

ital solids 


NaOH tor 


and the 
total amount of solids present Was determined An 
iverage of of the total solids was rec vered 
fter botling m alkalt, as determined on quadruplicate 
the ratio of total mycelhum to resid 
ual mycelium after boiling in 10% NaOH for 10 
min. is 1.5. This factor has a standard error of 0.13 


carried out with a 0.050 or a 0.0250 solution ad 


ple ! and J) was used as 1 in. X 3 in. cloth strips 
and the other half was ground in a Wiley mill 
equipped with a 40-mesh sieve All of sample ( 
was used as whole-cloth pieces. Portions were re 


erved as controls, and the main portions were in 
ated with gypsewm as previously described 
\t the end of different time intervals, sample s were 
taken. In the case of the ground samples, the percent 
digestion of wool was determined, while im the case 
of the whole strips the breaking stret 
tained on the Scott Tester 

Feather Keratin-Detergent-Complex Protein 


Two types of experiments were set up with this 


fiber In one experiment the flasks were inoculated 
pores and in the other with an actively grow 

veehal 

C pH Studies 


Strips of woo) charmeen which had been raveled to 


4am. X Lom. were sterilized by autoclaving for 10 
min. atter they had been wet in 70° ethanol and 
rinsed im distilled water In order to equilibrate the 
yvool with the vartous solutions that were to be used, 
th terile trips were presoaked tt sterile nutrient 
olution at the rate of one strip to each 150 mi. of 
olution at the pli t used Since wool.has a 


nificant pH changes would occur 
ue to ditterential adsorption of tons from the nu 
trient solutions by the wool Phe nutrient solutiot 
consisted of the following: NHANO., 0.03754 
Kil PO,, 0.032.M and KO 
O.O32M Phe pli was adjusted by varving the ratio 


| 
ihasic phosphate Normal HCl 


4 
ale 
TEXTILE Reskarcu JouRNAI 
TABLE Vaturs Necessary FOR CALCULATING THI 
PERCENTAGE DIGESTION OF THE VARIOUS SUBSTRATES 
Recovery from 
1.0000 ¢. of 
Residue after uninoculated 
boiling 1.0000 substrate in 
gy. in 10°, NaOH nutrient salt 
for 10 min solution® 

‘Substrate g 

Wool 0.0048 + 000 0.9631 + 0156 

Mohair 0.0027 + OO14 0.9400 + 0030 

Feather 0.0051 + 0002 0.9183 +4 0090 

Horsehair 0.0217 + 0065 0.91834 0049 

Hoot 0.0181 + 0024 0.9920 + OOSO 

Horn 0.0030 + 0003 0.9890 + .0090 

Ik 0.0310 +4 0027 0.9996 + O150 

Collagen 0.0283 + 00385 0.98444 0098 

* Over a 21-day period 

t Standard deviation 
was added in order to obtain the more acid solutions 
\ second series of cultures was set up with the same 
solution except for 0.01.M/ sodium citrate, which was 
used as a buffer. (.1\/. gypseum does not utilize 
citrate as a carbon source. } 

\iter soaking overnight, two wool strips were 
placed in each of 6 petri dishes (for each solution, 
for each of the 3 harvests) containing a laver ot 
sterile glass beads. Ten ml. of nutrient solution 
was added to each dish, and the strips in 4 dishes 
were inoculated with a suspension of aseptically 
washed spores. The remaining 2 dishes served as 
uninoculated controls In order to minimize the 

in pH during growth, the solutions in the 
were changed daily. The old solution was 
removed by an aspirator, collected, and the pH de 
termined. Fresh solution was then added \septic 
precautions were observed throughout. At 3, 5, and 
7 days, plates were harvested in order to determine 
the loss in strength of the cloth. The strips were 
soaked in 700, ethanol for approximately 30 min. to 
kall the fungus, rinsed, conditioned, and broken on a 
Scott Tester 
Results 
The results of a study of the effect of pH on the 
degradation ot wool cloth strips by VJ. aypseum ane 
their correlation with breaking strength are shown in i 
Figure | changes in reaction of the fu 
controls occurred. In no case did the pH change 
exceed 0.25 unit The optimum pH for the break 
down of wool ws betwee pH 7.0 and 7.5 The acid 


linuit is between pH 3.6 and pH 5.0, excessive changes 


In reaction preventing a more accurate characteriza 


| 
| 
te 67? 
ae mycelium was thoroughly washed with di 
and homogenized a Waring Blendor 
| j present were determined on one-half of t 
: the other half were boiled gently in 10° HZ 
| 
4 Diyestibilitv by trypsin (Armour crystalline) was 
ue justed to pH 7.5 
{a Reduced and Alkylated Cloth One-half of sam 
| 
i} | 
aah 
— 
ig 
q 
fairly high base-exchange capacity, this procedure in 
Hel 
4 


4: 


BREAKING STRENGTH RETENTION 


pH (AT TIME OF HARVEST) 


] If t of PH on degradation of weol ¢ 
M. gypseum citrate buffer) 
1 The alkaline limit is above pH &.0 In all cases 
solutions became more alkaline in spite of the 


sures taken to maintain a constant-pH reaction 
hile many microorganisms possess an adaptive buf 


vy svsten vhich tends to change the reaction ot 


{7} 


culture solution toward the optimum [7], this 


chanism is not operative in the present situation 


Citrate at O.O1M had little, if any, significant buffer 
action 

The data tor the extent of digestion of the various 
substrates are plotted in Figure 2 Silk-fibrom 
showed mall u on It was 
noted that the weight of the mycelium of the 5 sam 
plings of silk-fibroin was approximately one-fifth that 
ot, tor ex 

dditior 
1] 
it 
at 

out adce 

The is 
has beet 


COLLAGEN 


FEATHERS 


of 
WOOL (SHEEF 
HORN 
x MOHAIR 
_@ SILK FIBROIN 
Days 
Fic. 2. Ewxten f digest 
M. gvypset 
activity of the microorganism was between pli SO 
and pH for all substrates except silk-fibrom 
which never went lngher than pH 7.0 
No difference in the rate of enzyimie digestion be 
tween irreversibly stretched and unstretched wool 
was obtained Both types m the presence of ef 
zyme * for 7 davs showed approximately 2007 of the 
fibers to be denuded or partially der ed of scale 
cells. Possibly shghtly more free cortical cells were 
noted with the stretched fiber 1} mav he due t 
a heat effect [21]. such as a decrease im the evstine 
| 
content, is not nece if the 1 e re 
ato configuration 
Figure presents data tre experiment 
which wool of different degrees of subdivision were 
u ed he chopped were hhoreste | 
organisms to a greater extent tl thre hole tiber 
ind the ball-nulled fibers to a reater extent t 
the chopped fiber 
ppe | fiber is onl ver ] 1 
trypsin, as indicated in Figure 3. Stove 22 
tained essentially the Wie result 
The vestion of nor il lized nd reduced 
wool of different degree subdiy n, different 
cystine contents, and different hist vical structure 
* This ts t met { t 
as the ( It 
it ( 
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DIGESTION FABLE Hl. Dicestion oF 


! ERTAIN PHYSICALLY AND 
CHEMICALLY ALTERED Forms oF BY EN7YMES 


Time of pation, 4 Days 


Tet 


Irypsin{ 


enzyme 
Pry psn 


O moe riven 
@ 
WOOL ; ormal 10.06 
Q CHOPPED FIGER OLGESTED 0.08% 
Sia. 


metabolic 


was its further di 


ich had pre 


trypsin 
0) 4000 g. at 
+} 


data ob 


| 
| 
Cys- ( Histo 
| Whole fiber 
Norma! 10.13 0 Normal | 
ar Cale 05 
Oxidized 3.00 0 Normal Fungal oy 
4 
64 
Licystine | scale enzyme 0 
| structure Irvpsin 0 
“Milt enzvime 3.2? 
scale enzyme 96.2 
} Digest oft ” hy structure* Irs psin 16.4 
struct Irypsin 90 ae 
4 is reported in Table EL The photographs im Figure Reduced 6.53 2.66 Normal Fungal ie 
4 show the imitial appearance of some ot the wool cale enzyme 3.9 
| 
tructure Ir psin 4.1 
este 
3 Normal whole tiber showed only digestion Ball-milled 860 0.5 Frag Fungal 
fiber mented* enzvme 36.5 
4 vy fungal enzvine It was noticed that a large pro Prypsin 17.4 Hoe 
| portion of the fibers were denuded or partially cle 
Reduced wool 4.45 \mor Fungal 
| ! ded aft cale ce number ot scale 1d 
| phe enzyvine 
cell nd cortical cells were lying about. tree Prypsin 
4 : 
croscopie evidence of degradation is not reflected *See Figure 4 
mal whole ther not significantly digested by his experime 
q enzymes obtamed by growing gypseum or 
vool or by trypsin, but whole tiher the evstine con than trypsin-like enzymes in cell-trec if 
tent of which has been reduced by oxidation to 5 filtrate produced by \/. gy~pseun i as ie 
ce hows detimite digestion Keduced whole tiber shows gestive activity on ball-milled wool wh ie 
|. no digestion viously been digested twice with crvsta 
Comparing the chopped fibers, 3.20. digestion by Thus, from dupheate flasks contaming 
funy tor normal chopped was tound the ervstalline-trypsin digest residue, { 
whereas for the chopped oxidized fiber, having tained were as follows 
j ll the histological teatures of mort wool, a value \mour 
ot 17.3 digestion by the fungal enzvmes was found recovers Digestion 
When chopped ther hig v oxidized so that the 
cystine content was 2.9%, almost complete digestion uvosin (0.03 
| resultes solution 0.3900 0 
In all « ‘ trvpsin eooniv fait as much or tess Fungal enzyme 0.1009 
west than the tungal enzymes gave Che cor Ball-milled wool and amorphous reduced wool 
centration effect: was eliminated by adding excess (cystine ire essentially simular in particle 
“| trv] now experrnents size, the diameter t the particles bemy much smaller 
a | between digested and undigested wool was reached even than the diameter of a single fiber, as indicated = 
f Further evidence dlustrating the presence ot other in Figure 4. However, that sample having the lower ee 
q 


NORMAL CHOPPED WOOL 
CYSTINE = 10.13% 


wer 


= 


» 
fs 
& 
1 
bd 
BALL-MILLED WOOL 
CYSTINE = 8.60% 
i 


OXIDIZED CHOPPED WOOL 
CYSTINE = 2.5% 


Fic. 4. Initial appearance of some 


Ox 


RED 


IDIZED WHOLE FIBER 
CYSTINE = 5.0% 


UCED (AMORPHOUS) WOOL 
CYSTINE = 4.45% 


XIDIZED CHOPPED woo 
CYSTINE = 6.1% 
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76 
cystine content wa ult t completely 

hereas that having the higher cystine conte 
twice that of the other is aporoximately 
clipe ted 

No ¢ estion of the feather keratin-detergent-com 
plex fiber is noted hen moculated either with 
pores or with mature celium and incubated for 
10 da 

Ite ts on ed and alkvlated cloth are given 
in Table IT] Phere ts only a shght mbhibition of 
digestion of the ch 1 tiber In 7 davs 41% of 


sted, This inhibition may be partially due 


the chemicals used the 


treatment of the clotl The deyree ot polymeriza 
tion is not changed by tl treatment {4 Hlowever, 
noculation of the whole cloth resulted in almost 
complete loss of tensile strength when there was visi 


1, and in the 


origin th when there 


Was 


no visible growth on the surtace of the cloth 
Discussion 
1. Rate of ID) " / ar Proteins by M 


| 
The term “resistance to digestion” is one which ts 
used verv loosel in the classitication of proteims It 


phasized that in contrast to the globu 

lar typ. ot prote ns which are yenerally lige sted by 
enzyme preparations mn a matter of minutes the fibril 
lar protems may be comparably digested between the 
very wide range oft trom | to 10 days 1 digee tion wall 
take pla mit the rate ts cle reased Thus, 
i fibrillar protein is herein considered to be rapidly 
digested if itis more than 50° digested in not more 
than 9 days, and very lowly digested tf it is less 
than 20 digested in 21 davs It usually takes 2 
davs atter spore «ulation before mycelium of 
hseum shows \ le proliteration, which ts counted 


neu 
its, as reported by 


order of decreasing 


cle yree ot dispersil itv, these authors rate the kera 
tu as follows: cht on teathers, duck feathers, tor 
tore scutes, snake skin, caffle / cattle horn 
hog hair, human hair, and ovokerati Che order ot 
this list 1s in agreement with the present authors’ 
| 
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FABLE LIL. DeGrapation py 
Mopiriep SUBSTITUTION —S-——-R—S— ror —S—S 


Diges 


tionof Breaking 
Dura chopped strength 
Sam- Cystine tion hber ot strips 
ple* VW ane Ua 
114 Uninoculated 7 0 
Inoculated 7 41 2 
B 8.2 Inoculated 3 8.3 
Inoculated 7 25.0t 
Inoculated 11 42.5 
Inoculated 17 61.3 
Cc 11.0 U ninoculated 21 50 
Inoculated, 
heavy growth 21 0 
ilated, 
very sparse 
growth 1 23 
dD U ninoculated 7 
tlated, 
heavy growth 7 32.6 5 


For cle scription of treatments see p. 5 
+ Esti 


| 
rnated from a curve plotted using the « 


results (the keratims in 


italics were studied by us 
fones and Mecham point out that reduction of the 
disulfide groups and alkaline cleavage of secondary 


linkages are independent reactions, both of which a 


necessary for dispersion of keratins 


We have been unable to den 


onstrate that 4/. gvf 


scum releases an extracellul 

pable of splitting the disulti 

thermore, the pH optimum fo 

aypseum is that at abe 

there is some relationship between the susceptibility 
to alkaline cleavage and enzymic digestion It is t 
probable that both of the above reactions cor titute 


1 } } ‘ 
the mitial steps the microbiological « egradation 
1 
Win 
While it has been shown that produce 
ultate during it iction \ tulatect 
suilate if s act Wwe | & itis postulated 
that this action is intrace Mat ccurring on absorbed 
sulfur amino acids or v-molecular-weight peptides 
Influence lerd ( Pos nor 
ulfur and cystine contents 
within one tvpe « kera 
‘ 
ti tor example yoo! However, it was believed 
that certain regularities might be shown. One notes 
that, grossly, the keratins plot as a group (in Figure 


3 of 
“W the untreated cloth, 25% of B, and 32.6% of D were ‘f 
| | 
¥ 
ble growth on the whole clot} loss of at 
4 cast halt the 
a 
q 
4 
in the above time 
It 1s iiteresting to note the correlation of the di 
2 restininty of various Keratins py and 
their degree of dispersibilitv: after 
tral solutions of protein denaturar 
* Ae 
h 
: 
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lict 
into two distinct reg 
TABLE I\ Typical ANALYSES OF FIBRILLAR PROTEINS 
ind horsehair is the most con 
Irvp 
Sulfur Cystine Arginine phan e above reg \ 
Protein n Figure 2 show no correlation 
Wool 11.5+09 g4* 15° ma rate digestion 
Mohair 3.1 &9 &4 5 the esistance otf the utl to 
tl tan t! ft 
Horsehair. black 36 10.2 8.4 1.5 n an article by Mandels, Stahl 
Cattle horn 28 36 6.8 -8.2 1 — 
Beef hoof 1.8 $659 &4 15 sin r studies were made by 
Chicken feathers 2.3 66 15 
Collagen R 8 oo 
Silk-hbroir O.55 0.0 0.76 00 
inftwuence the Geometrica Structure 
* Mean values for keratins as a group aken from Block «DD ‘ 
ind Bolling 
Block, R. J., and Bolling, I in “The Amino Acid Com Keratins with { ed 1x ypepticd cha ire desig 
position of Proteins and Food Springfield, IL, C. 
onc nated as a-keratin, whereas those with tullv extended 
The 1945, pp 
polypeptide chains are known as 8-keratin. Wool 
ns, Amino A Is normally occurs in the a for Since when normal 
hing Corp., 1943 
wool was physically altered to tl $3 form and wa 
chen J. 43, 358 digested with tur gal «1 me no ifference betwee 
reactions of the two torms could be 1 ted, ve make F 
the tentative ct nelusi it the geometric il con 
<) etween the ¢ Mies “presented \ wo +4 
etween the extremes repre ted by lla ue figuration of wool, as determined by x-ray analysis i 
1 
ent hbrillar proteins 
ti cle es not fluence the rate ot d pestior 4 
Collagen, silk, and keratins are reported to be 1 , 
an This conclusion is indirectly supported in reports by 
resistant to peptic and tryptic digestion \lthough 
Lindley and Phillips [12 nd by Carter, Middle 
or u ibstra udied were three-dimenstonal brook. and PI ip [5 who found no differenc: 
olymers ‘Xamination ) ab shows | 
polymers, an examination of Table I\ OW Une between stretched and unstretched ti mn chemical 
striking differences in the sulfur and evstine contents 
triking differences in the sulfur and cystine content 
Other noteworthy differences may be found im the 
basic amino acid and tryptophane contents In fl 
/ Infinence Chemical Modification, Particle Size 
Silk-fibroin showed a low ultimate percent diges and Properties i 
tion It was considered possible that the absence ot 
Geiger and | ri 8! postulated that 
a sulfur-contaiming amino acid im siik-fibroin limited lar sated that the re 
sistance of wool to digestion by 
the amount of growth and thus limited the degree of y enzymes 3s pro ly 
ue to a tructur onsistinge of peptid hay 
digestion Since upon the addition of cystine no jue structure pepuiiae chains 
additional digestion ensued, it must be concluded that sis ned b a i 
h; } three-dimensional polymeric network of extremely 
although a sulfur source is necessary tor the metabo ; 
ron) molecu weight The of thi f 
lism of gypseum | 20] silk has an amino acid se r weigh this study 
. + howed that the disulfide lint 
quence im its structure that resists the enzyme 
rate-determining factor lt 


substrate combinati Nn, that the amino acid con posi 


tron per se does not determine case ot dige stibihity, 


and that the architecture of the molecule 1s the eriti 


“ } not have the disulfide bond. 
cal tactor (The term “molecular architecture use 
Shere hich | 
‘ \ ‘ not 
herein is to be differentiated from “geometrical struc TCH Choe ‘ 
tl is re unt t 1 


ture.” 


The fibers investigated differ im their d 


histological comple x1ty The simpler one-component and &.5°). respectivels Howe 


keratins are horn, hoof, and feathers; wool and mo 


herein have the disulfide linkage and wer 
to varying degrees. Collagen, which docs 
digested ; and sill 
on 
oF From the data shown in Figure 3. it wou | appear poe 
that the cystine content is more closely correlated 
C. Influence of Histological Complexity of Kerati 
with the rate ot westiblitt than the | irticle ize j 
eye It may he noted that in the case ot the chopped and Hats 
of the ball-milled wool the cystine contents were 9.2 
leul 
ate ver, a calculation ot \ 
the surface areas of chopped wool and ball-milled 
ae 
ive 
4 


hia 


concerned 


} 


chemical a 


sulfur, whereas oxidizing 


the disulfide groups fut 


at other pomts also 


RESEARCH 


concerned 


agents are 


Variation 


the vari 


protein 
tained more dit 


Accord 


readily 


“dj 


sO called 
indicates that 
expecter 
er reactions, 


concen 


inciple and 


$7 
Textice Journat 
fiber shows approximately a 100-fold merease in area [teration than that with the 
| for the ball-milled wool. The increase in activity ES gum not specific for 
difference is by a factor of less than 2 Th all of | 
a ta Man < 1S, Irom) all ¢ the above data and discussien it 
Ne While the rate of digestion of wool 1s unquestion would appear that there may be an approximate re Y, 
4 ably affected by the particle size of the wool, it must lationship between the ease of digestibility of the & 
y, «© recognized that ball-nulling or otherwise subdivid keratins and the number of cystine cross-linkages 
ag 
gy wool changes its chemical composition [21] as Further support for the statement that = a 
| 2 sell as mereases tts surtace area We are primarily the nature and number of cross-linkages in HR mit 
tere it ren 1 wool as such ous keratin macromolecules may determine the 
a nee are not particular with the gree of ultimate digestion is given by Olcott [17 | ii 
irtace area who showed that in the case of | 
The a recduced-wool is very read residue not dige sted by enzymes cor 
ily cigested by nd the lower the vsti 1:3 of 
md the low the ¢ tir sulfide sultur than did the original protein 
ont tt} } f A; 
Bs content the greater the ease of digestion, as shown in ingly, the more rapid enzyimi dige stion of medullary 
a Figure 3 The difference im cystine content was protein in animal fiber, which has been observed by ‘ 
Be regulated by the length of time of reduction during Stoves | 22 mav take pl ice im View t the tewer K 
preparation Keduced wool prepared in this manner number of evstine linkag this oon of 
| cystine linkages region of the fiber 
“i an amorphous material and does not have the Phe data of Geiger and Harris [8] support our $ 
ae tructure of the original tiber \ comparison of the hypothesis for the ability of the enzymes to digest ute 
4 particle size of this reduced wool (see Figure 4 reduced wool protein in a most satisfactory manner ae 
ay ith that ot ball-n ed wool would madicate the much It was shown by Goddard and Michaelis [10] that a 
| greater importance of the comparative cystine con- reduced wool which had been reoxidized was Iii “n 
1 
7 tents, since the particle size is essentia the same digested by proteolytic enzymes | 
4 . Phe lower the evstine content the greater the ease of lution prin iple’ in polymer chemist Bd 
CLIPPE ipparently true the case of reactions of a low order le 
a the keratin mit ts not true of collagen or silk tremely dilute solutions, and higher os 
vielding many-membered polymers, in more 
It is imtere ting te that reduced whole fiber, trated solutions (,eiger a this pt 
; a Table o digestion This showed that when reduced wool tibers are reoxidized 
y. mav be attributed to the fact that the process of the formation of disulfide cross-linkages 1s tavored dee 
reduction | Wil that a woe hber containing because the concentration of reactant ts high Ke 
+ cvstemne resulted thon ar | haku i oxidation ly the method at (asoddard and Michaelis 
Aqueous stusper | irt of the teine hecomes inl a clilute solution of reduced wool proten 1s 
oxidized, thus re-forming evstine bndges and treated with an oxidizing agent, favored a low degree ; 
4 creasing the degree f polymerization This was of polymerization. Geiger then showed that the di or 
checked | running a ited sample simu stibility was directly proportional to the degree of 
' usiv and +} 
taneously and redeterm: » the evsteme and evstine polymerization, althoug! the proteins were 
contents iiitrall the evstine content is rela the same in composition 
tively Furthermore there were any tree Further information as to the role of the disultice 
<a evsteme tl \ first ive ft converted te cross-linkages and degree of polymerization may he 
“ evstine, according to the scheme of sulfur metabolist obtained by studying the digestibilit f certain de i 
An é and thus the re ince to digestion of this san rivatives t keratn The chicken-feather keratin 
nid tooth 0) 1 1; 
ther eTea ed Palle pives lata detergent COMPIEN Cor tains not t ire thar halt it 
’ “4 viniel nply that eve hen the ey ne contents ot the original disultide bonds but s i high degree ot kine 
oxidized tibet nd reduced tiber are essentially the 1) as. si | dygren 13 and 
ame the \ cr is wh more readily dt Ward ef a 23 Hlowever, it was not possible t 
sted Goddard and Michael: 10} claim that re cause at digestion of this fiher ic ible that 
| ductants do net bring about at ther appreciable hydrolytic enzymes cannot break down these pep aes 
| 
if 
| 


\uGt iva 
e« i eterpe iv combine with 
speciic groups whicl ire essential enzvinic re 
cu lL by physica isking or by steric hin 
prevet hydrolysis ceo! py ft 
t The T i 
é | 
ordine to 
ice por 1 ‘ 
t I miterpretat regarding the mecha 
5 ‘ vest i\ e drawn trom our data tor 
is unable to obtain di 
st casei t complexes when using 
1} ratior ; ri 
cps € ¢ the prepara 1 of textiles 
prote s such as this one which ts 
wrod wical degradation s} not 
OORNE 
Summary 
Ving rillar proteims, digested by 
} 
cM over a 2l-day period, may be listed im 
the te mwing order, ¢ y ira that with the highest 
i perceniage digestion to that with the lowest: colla 
; ren, teath hoot, w horn, horsehair, and mohan 
either w Vithout cvstine is ony 
eT cigestes Phere Sa goo correlatu 
etween the digestibility of kerat sbv M. « VPsew 
il | the r degree oft \ ter re uctiol 
neutr solutions of protem denaturants 


he optimum pH tor the breakdown of wool 


ae pseum, as judged by loss of breaking 
trengt! etween pH 7.0 and 7.5. The acid limit 
s about pH 3.6 and the Ikaline limut is about 
nil 
} 3. The primary factors involved in digestibility of 
ir poreote Vere nd to be the chemical com 
posit nad ¢ lecular architecture keratins, 
the degree of p t thor issumes the greatest 
ince eT e degree meriza 
ry! ttr t the ad ult le cross-link 
ives. the 1 e re stant the keratin to chige stron 
Part kvl grt ip mt the 
lisultide er link re «clot t render the fabric 


( resistant to 
ue cigestior 
yoests that the proteo 
ow 


cludes endo- and exoprotemases, r than the type 
represented by trypsin, which ar \ lam tl 
i 
degradation of wool lee 
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INDUSTRIAL SECTION 


Dimensional Stability of Woolen and 
Worsted Fabrics‘ 


Werner von Bergen and Claude S. Clutz 


HWooolen Company, Passaic, New Jersey 


ry 


elative humidit las 
[x THE NOVEMBER, 1949, issue of Sci’ 


tant part in the appearance of lightweight men’s suit 


been found to play an impor 


ence Review, published by the International Wool 


, ‘ ing, such as the tropical worsteds. This effect was 
Secretariat, Scientific and Techmical Department, an 
ot et 1. observed especially in suits worn in sections of the 
article appeared entitled “Cloth Shrinkage in Gar 


Prod ” country where high humidities prevail—for instance, 
ment roduction e mtroductory statement 
Florida 
in this articte ts as tollows 
\s far back as 1939, studies were made in the 
“Cloth shrinkage ts undoubtedly the problem which : 
Forstmann Woolen Company Laboratories which re 
causes most controver hetween the cloth manutac 
: - t vealed considerable cloth movement in the warp and 
turer and the maker-up. Much of this controversy pies , 
is clue to the wk technical Knowledge of cach se 
| | 1 | | range from 20% to 90° relative humidity. When 
tion of the industry ot the processes used by the 


roing win the the high humidity the clot] 
ating to cloth 80mg from the “dry” to the high humidity the cloth 


well stretched, whereas in going from high to the low 
Phis can, without hesitation, also be applied to the hunudity the cloth shrank. Depending upon the type 

conditions in the United States. The amazing thing fabric, this cloth movement varied from 2°7 to 4! 

tl it with ill the ett the ist 20 solution at th the ight to he te 

vears, this problem e fr having a satis deliver the goods to the tailor with a moisture con 

tactors olution tent equa to the equilibrin tamed at 60 relative 
Pwo main types of clot] hrinkage are recognized humidity, since at this potmnt the cloth movement in 
the one s kt \ ru ind the each « rection would he niv | t of the t il unount 

other as felting sfru he first regarded as possible It is interesting t te that a tailoring 

the main tactor the tailor fa garment, while | se recently advertised that it would tailor suits 

felty shrinkage portant ering specifically: tor tl ! is sect the country in 

washable woole ri \ third type ement order to give the best-appearing garments 

WOU ibries that To tind the re il causes of this problem, it is neces 
Presented at A.S.T.M, Meeting, New York, March 15 sary to study not only the mill processes but also the 

1950 steps a piece of cloth goes through during tailoring 
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Hot water (160 


Cold water (65 


\ir Very 


It is stated that any setting which has occurred 
itions listed in the diagram can 
be relaxed by submitting the fabric to any of the 
conditions above it in the list. If a wool fiber, van 
or cloth is stretched in dry air, only a very temporary 


set can he produced \s SOOTL as a tabric so set ts 


brought into contact with water, the stretch wall be 


It is clear that water temperature ant 
the important tactors in producing set, t 
nencyv of a set increasing as the time and tem 


ture of setting are increased The fundamentals 


The findings brought forth in this paper show 
that the permanent set as produced by the final decat 
ing machine in the tabru finishing ope rations, as wel 
as that produced by the Hoffmann press which is 


hown to be 
sture ( 
hrinl ive 

Phe study in 


‘ 

} 
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Fic. 2 London shrinking vetting-oul ba 
Fic. 1 Over-feeding mechanism on tenter drier (Courtesy Forstmann en ) 
(Arantz) irtesy Forstmann H en ) 
oie moved by exposing the fabric or garment to high 2 
ety In the article mentioned above [1 . the conditions Raanennasnt ) ar higher t nor temperature ba 
Be governing the ret ition ¢ stretch are Gdiagrammed In Part L of the present paper the writer covet be 
4 aS LOWS the main processes a piece of cloth is put through in oe 
\ order to reduce relaxation shrinkage to a nunimum, 
Boiling water or steam ery permanent set : 
4 nears and also the main steps this me cloth goes through ae 
Bosling water or steam Part I! contais data and ext 
& : how wool fabrics will change in their warp and fi 
105 ing dimensions. These dimensional changes are 
ttributable to three tactors 1) change 
1 ontent of the fabric, (2) relaxation 
temporary set‘ (3) strain due to external stresses, 
ludes the action of the Hoff inn press 
and its use to estably relaxation snritikage ¢ Wowie 
Ll 
[ 
ae 
Fy 3 London shrinking—-relaxation scray 
Ray used in the tailoring of garments, can be easily re- (Courtesy Forstmann Woolen Co.) nes 


3), and drier. Figure 4 shows the piece leaving 
drving section \s seen from these pictures, the 
cloth ts allowed to shrink freely in the warp as well 
is in the filling directior 
t 


bic. 4. London shrinking—drier extt. (Courtesy Fic. 5. Open steaming 
Frorstmann Woolen Co.) Forstmann H'oolen Co.) 
and worsted tabrics Felting is not dis No matter which method ts used—the over-feeding 
cussed in this paper on the drier or the cold-water shrinking—it ts neces 
sary to subject the goods coming from the drier to 
Part I steam treatments in order to remove the folds and 


Mill Operations wrinkles which were created in the shrinking | 
: ess. One type of machine is shown in Figure 5. It 
Phe operations covering the preshrinking of cloth 
. consists of a steamimg unit, a heating or shrinking 
moa mull or sponge house may Ie divided into two : 
table, and a coohlny apparatus The cloth enters at 


yroups namely, shrinkage by treatment with steam 
the steaming unit, which consists of two steam boxes 
pone, unl hrinkage treatment with cold water 

: From there it slides over the top of the inclined heat 
The modern drying and tentering frames used in 


the woolen and worsted industry are equipped with 
electrical teeding mechanisms which allow over 
jeeding of the material sit enters the drier Such 

mechanism shown in Figure 1 The cloth in 


this picture is fed in with an over-feed amounting 


to 15%. which gives the fabre a chance.to fully relax 
in the warp direction during the drying operation, 
hereas the hrintl ive t the filling is controlled by 


ter tering 


tentering and drying operation, the 


ubjected to open steaming, cooling, and 


Il be described subsequently 


which wt 

lor cold-water shrinking, in mass-production 
work, continuous London shrinking machines are 
used These consist of three sections namely, wet 
ting-out bath (Figure 2), relaxation scray (Figure 


r the 


4 
| 
ite 
q 
ig 
| 
‘cating (Courtesy Forstmann 
| Woolen Co 
3 
| 
ey 


and cutting 
(Courtesy Hugh Davis.) 


pattern 


ing table, falls into a seray where a few yards of the 
fabric are accumulated, and then passes over a cool 
ing trough which is connected to a powerful suction 
blower 

For the tinal setting and smoothing, the tabric is 
subjected to a steam treatment in a decating machine, 
own in Figure 6. In this machine the cloth is 


wound with a cotton leader onto a perforated cylin 
der through which steam is blown 
the steam and the cooling of the piece are accom 
plished by a suction pump 


In order to maintain the 


piece in its relaxed post 


Fig. & Shape pressing of left and right coe 


Hugh Dazvts.) 


The removal of 


tion as delivered trom the 


tial that both of the steaming operations le 


plished with the lowest possible tension on the fabric g 
Steps in Tailoring ' ‘ 


There are approximately fifty operations mvolved 


in the tailoring of a man’s coat. In considering the 


cloth movement, the maim concern is the condition oft ae 


subsected 


the cloth as unrolled from the bolt and as 


to the various steaming operations, either on the 


Hoffmann press or with the hand iron 


lual 


The number of individual pre ngs which are a 
plied to various parts of the coat ts sé 
include dart pressing, seam pressing, pocket pressing, 
collar pressing, ete ach part Is Tepe ited] pre ed 


between five and seven times, resulting in an average 


time in pressing of 4 min 
the cloth may be subjected to temperatures fron 
100°F to 300°F 

In the 


vations were made, garment manutacturimng sists 


tailor 


of individual fabric 


pattern size 


Figure 7 shows a cutter at work Thi 


Avucust, 1950 fur 
Fic. 9 Collar pressing. (Courtesy Hugh Davis.) 
nits, it is esser 
| 
r 
- 
~ the customer's specifications rather than a standard 
amount of cloth has been unrolled from the bolt and 
Re es! 67"! the cutter has laid out and traced the left side of the : 
(Courtesy pattern on the double fold of the material. In this 
My 


d Pressing 


(€ ourtesy Hug Dazts.) 


The condition of the final pressmg of the entire 


garment with a wet cloth establishes the level of the 


final setting of the garment 


Part II 
Change in Moisture Content 


The hygroscopicity of wool is well known. This 


property of wool is one of its greatest assets; how 


ever, it is not fully appreciated that it causes appre 
ciable dimensional changes in) wool fabrics The 


change in the amount of moisture in a fabric with 
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a 
Fic. 11. Find of entire coat 
Fic. 10. Arm-hole pressing. (Courtesy Hugh Davis.) 
1 
a or an expansiot ot the cloth a cord g to the Telative a 
humidity conditiot the change motsture 
content of the fabric 
Figure & shows the pressing of the entire coat 
ing both plates of the press are shaped to the desired 
form When the press is osed, ste ipphed 
through the top part of the press for several econds Bhi) 
Phe press is kept in the closed position for approxi 
mately 30 sec., depending upon the work load of = 
ag the pre er 
Figure illustrates the final pressing of the entire 
collar Phe beds of the press are specially shaped to } 
— 
ht the collar seetior igure 10 shows the last 
and hand iron, as shown Figure 11 Phe tinal yy, 
examiner checks all measurements, as seen in Fig 
epending upon the part the wa iwa ‘ 
seath, thre wee ve pre ing operations shrink the 
cloth from O° to according to the state in whicl 2 
the piece was prior to tailoring. Actually, an expat 
+} H leno} +} ‘>? 
| the over-a engt and ea l ies ¢ é ire | 12 nal examinina of coat ries 
4 Lpected Hugh Da 
7 
| 


literature mtams abundant intormation on 


wool fibers 


swelling | 3] pave axial 


dry and 


the saturated condition , 1 fib and found 


this swelling to be independen id color 
In the article iata are 
listed from. th iterature on diametric, anxial, and 


volumetric swelling of several textile fibers Axial 


swelling for woo 1 ht in this tabulation 


The axial swelling leulated ie chametric 


14. ith oOlumetric swell 


at 


Mr 


terature he ar ie 


which indicates a percent 


content ¢ 
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normal changes m weather conditions produces very 
signmilicant effects in garments These effects retlect 
Sf themselves in two ways—change in the size ot the é 
tailored garments, and changes m their general ee 3 
Considerable data are available on the cross-sectional ‘ | & 
swelling of wool fibers at various motsture contents ge! 
however, the available mitormation on longitudmal a 
swelling values of 1.7 to 2 «tween the + 
Fic. 13. Henry th special conditioning room 
to a standard atmosphere of 650 RK.H. and 1B 
It is then marked in three locations, and 
\ into equilibrium with 900 RH, This i 
oS ing Of to Fl would be done in a conditioning room, originally con 
ie The Foxboro Company, which has had a great ceived by MK. Henry Booth [2], which measure _ 
tant nf ony hairs m their hy 2 
deal of experience the wu sits i n | 12 x 13 it The conditioning equipment 
ore. grometer imstruments, states that between 2U and ternal and is adequate for a temperature range of : iz 
10° to 100°F and a relative humidity range of 20 
OO4 Animal embrane moves 1.9 tween 
to 9O Stabilizing to 1°F and + 2% KR. H. at 
20%) and SO relative humidity |4 
any combination of mtermediate values within hi 
The study of the correlation of the swelling ot 
IS (See | wure 13 
oH wool fibers with the motion of wool tabrics with fe 
A \fter the tabrics are conditioned in this room t 
changes in has been neglected Phe only 
OO) RK. H., the dimensional change is measured 
using Steel trammels oft i beam i 
: 1... directly calibrated in percentage change The fabri 
area shri kage olan uncle scrib d fabric when cveled | 
thy which for practical purposes requires not | than 
Relative-Humidity Motion of Fabrics S hr easured an gain broug equ 
hbrium with H. and remeasured Phi 
completes one cycle hree cycle re run on each 
gre: rectly affects the change in the dimensions of the E | 
sil 
fabric Phe moisture content of a fabric corre sponds _f 
to equilibrium at a certain relative humidity By 
‘ studying the correlation of the motion with changes 1 
of relative humidity, a measure of the fabric’s sens) Phe effect of Ro H. eveling is indicated in Figure 
tivity to ch nges atmospheric conditions ws ob 14, whic hows the change the w irp direction 
tained. (The dimensional change of the fabric witl a gabardine tabric between 20 A) 
we changes in relative humidity 1s termed Fe. //. motion Also included are measurements at intermediate rela ee: 
hereatter tive hu aities 
In Figure 15 sumilar chagrar ire shown for three 
Vest Procedw types of tabric Che and the tropical worsted 
ini In measuring the dimensional changes in fabrics move nearly the same amount, whereas the gabardine C 
with changes in relative humidity, the tabric 1s Cot moves to a much greater extent In yeneral, gabar 
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dines move more than other fabrics. This can be swatches laid on a table and measured in the warp 
attributed primarily to the weave structure and the direction One swatch was conditioned to 90‘ 


predominance (in weight) of warp yarn 


Figure 16 shows a combination RK. H. motion ABARDINE — FLANNEL — TROPICAL WORSTED 
Sane 


and shrinkage tests on a gabardine fabric for 3 


war? ORECTION 


\ > 
\ 
2 
: | 
\ 
° 
* 
(Det GABARDINE 
CONDITIONING TIME @HRS om 
L.. - 6s 90 20 90 20 90 20 
4 90 2) 20 90 20 40 68 80 80 65 40 20 
% RELATIV HUMIDITY 
% RELATIVE HUMIDITY rece 
a 14 Vi nie? fal eth relate humidit 15 Vooement of fab clat 


TABLE WARP DIRECTION 


MOVEMENT 
> 


° 


O at son 
a « oe 
a 


S RELATIVE HUMIDITY § (TOrF) 


lo Vorcement f men gavarding al Hang 


‘ 
ta 
a 
4 | 
|: 
ae 
: 
7 
| / \ d 
| Q 8 
“4 
s Of relative humidit 
af 
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ths at 3 locations 


ny 
nidity was then low 
itch was conditioned 


he second swatch Was 


the first (see Figure 
h was marked after 
conditioning at 20° R. H These swatches were 


R. H. eveled and given Hotfmann pressings (indi 


on a flat-hed Hoffmann press, with a cooling be 
tween the two steam vs, and the passing ota glass 


rod under the tabric to aid in relaxation In this 


case (Figure 160), no shrir kage was observed when 


the swatch was remeasured at VOT RK. H in fact, a 
testing tnstirumcn for tcompera 
slight growth was indicated for ill 3 swatches \tter 
the second pressing, which was twice as severe as the . 7 Beh. 
the fabric moved no more require © pressings 
first, a slight growth was also observed Phe swatch | . 
Te on the average, and an apparent shrinkayve ot 3 
which had in ily been marked at 90S KR. HH. seems 
was obtained. It is to be noted, however, that after a 
: to have approached the dimensions of the swatch a 
the swatches had beet put through an Ro evel 
which had been marked at 556 K. H. In other 
+e practically all of the apparent shrinkage had been 5 
Ay, words, the differences in the dimensions of the fabric ? + 
removed indicated shrinkage was reduced to 
had not been maintamed This is believed to be due , 
to the restriction of motion which resulted from the iY 
Phe last test on these fabric \ | t) test 


fact that the swatches were lving on the table 
The third shrinkage test consisted of successive 


pressing operations of 30-sec. each, terminating when 
table In this case, there were 


S87 

ered to 55°, and a second sw ad od 
to this R. H. and marked. 1 po 

cated by the dotted lines in Figure 16 The press 
Phe first pressing operation (Figure IS) consistel 
consisting of saturating the fabric im water at 80° t 
in) wma allawinao ¢ drain and condition of 
tae mall iconsistencre 
but no shrinkage was indicated (Figure 16 \fter 
| i cycle, the measurements were ¢ entially the a 
ie ‘ Figure 19 gives similar data except for the fact Leap 
wotcr watch Swoten that the swatches were suspended from a wire rathet 
ae , \ than laid on a table These vatche were cut trom eee 
the same piece of fabric as shown in Figure 17 
With this procedure, better consistency of results 
! 4 was obtained, particularly for the relaxation tests 
: Phe actual motion between 20% and 90% R. H us 
4 was greater than when the fabric was on the table 
an 
tt \vgain, the first two steam pressing how no shrink smell 
ape For multiple steam pressing 3°) shrinkage 1 
° @otch j Seatch @otch . 
4 indicated, but R. H. eveling through 90‘ f 
removed practically all of this apparent shrinkage 
therefore, this was not a true shrinkage because 1f it 
were it would have been permanent te K. motion 
On relaxation, however, some rinkage was ob 
a4 ba 17 Swatch layout from piece f fabri tained on these swatches 1} hrinkage was re : 
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SUSPENDEO- DIREC TION 


bal 


RELATIVE HUMIDITY (TOF) 


tained atter a cvele t ugh ‘ and there 
fore must be significant nee no relaxation shrinkay 
the table. Tage 


veight of the fabric | STeam 2 STEAM .2x30SEC. MULTIPLE STEAM 
on the av 6x30 SEC 


? 
| \ 


MOVEMENT 


ORM PRESS ORIG PRESS 2090 55 20 20 PRESS 20 80 20 


BARELATIVE 


Oo 
© 
é \ : 
‘ 
| 
-4 
“8 
shan 
19 Vorvement of men's va jabardine with changes of relative humidit 
a 
| due to the <trains mat thaw 
\ | 
\ 
\ \ | 
\ ° 
\ 
swatch was originally marked at 90 RH. and \ ae 
| i e@ 
showed an apparent shrinkage ot 4 when measured 
2 
at the press. Of course, this is not a true shrinkage | \ 
because wher it was returned to its oriy i orsture \ 
138 content the hrinkage was removed The swatch 
which had been marked at 55° showed at | \ | \ 
apparent shrinkage of even atter reconditioning } \ 
to its orminal R. HH The third swatch (marked at ° ° ak 
20 owed a shi kave of 1 \ | ik 
il secon eTries tec tt s TrecoTad 
ure 20 was the same as the first except that the 4 : af 
steaming time was increased to 30 sec This more ip 
fe severe steam-pressing test .} ved 1 tabric shrink 
igre when the test swatel Wis res to Its Fic. 20 
onpinal hunudity atter gomyg through 0O 12 
| 
| 


\ucustr, 1950 5x0 
\ j \ «| j 
\ ' / j \ 
\ 
Fi =Relaxation data for 
d \ \ swatches on the table and those suspended are 
\ 
\ \ graphed in the third section of Figure 22 
\ 
wm Yo \ \ Table summarizes the data shown in the graphs 
> ; 
and also includes the moisture regains at the variou 
ORG PRESS OMG PRESSEO 90 55 20 20 PRESS 90 20 
ore It can be seen that the average motion of this 
particular gabardine (on table) from 200% to 90! “a 
Fic. 21 Influence of steam pressing on men’s-wear R. H. was 4.4°7, but when the specimens were sus = 
gavardine pended t was 93./ The greater motion of the 
suspended samples compared to that of those on the 
In the third pressing-test series, the fabric was table mav be due to either the weight of the fabri 
pressed until equilibrium was reached at the press when it is suspended or the restriction in motion 
lhe motion from this test was entirely removed when When it is on the table he hysteresis effect indi 
the specimens were put through a R. H. cycle cated shows the difference in the dimension of the 
warp between desorption and sorption at 557 R. 


In Figure 21 information is given on the swatches 


ae The corresponding moisture regain of these fabrics : 
which were suspended. The total movement for the 
was 11.7% on desorption and 10.9 on sorption j | 
swatch which had been marked at 90% R. H. 
his difference of is somewhat lower than the 
measured at the Upon being re 19 
I 2% shown by Weigerink |7]| in this region The 
turned to its orig R. H., the gs... regains shown are about 2% lower than the : 
shrinkage indicated was only 0.7‘ These tests ii 


show that nearly all of the steam-pressing movement 
TABLE Erreer of Humiprry ox Morion anp 


can be removed by cveling through 90% R. H Morervex Recain oF av 70% 


In Figure 22 data on the relaxation test are 


ied The swatches which were placed on a sso; RH 


table show no significant shrinkage; however, all 3 0%-9Y KH. Dill. Des.-Sorp 
Av. motion lable 1417 0.5% 
of the suspended swatches shrank approximately Ay motion — Suspended 5.7% 0.7% 
1.5%, which shrinkage was retained when the Moisture regait 


swatches were conditioned through 90° R.H. This Kelative humidit Regain 
20% 5.8% 

90% 19 1% 
due to the weight of the fabric during the numerous $5%, desorption 11.7% 
5 10.9% 


ndicates that strains existed in the fabric which were 


Ny 
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wae 
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207K 70°F 
STF. 


70F 
‘B21 


corresponding values given by Weigerink for cloth 
Ing. wool It is normal for fabrics to have these 


lower reyvain 


\daditional test data are shown in Table II Dhese 
t retained when followed by 
tests were made on 4 swatches (2 for test A, and 2 ‘ : 
; shrinkage obtained in step 6 
for test By which had not previously been R. H : 
Wi 1 it step 2 theretore, it cat 
eveled. The effect of successive relaxation and Hoff 
os be considered as the normal relaxed condition of the 
mann steam pressing tests is illustrated in this table 
fabric This is further substantiated by R. ev 
Result shown are the aver wes of measurements ‘ - 
: , cling the fabric (step 7) and relaxing again (step & 
taken on each of the 2 swatches 1 cc oe. 
\ In test procedure B, 2 Hoffman pressings (steps 
est procedure shows a tabric shrinkage ot 
| hie! land 2 produced an initial shrinkage of 3° When 
atter the second relaxation Jue to the high 
followed by water relaxation ( ste} s 3 and the 
wnount of relaxation shrinkage, the full shrinkage 1 
shrinkage increased to 7.10), which is nearly identi 
Was obtared iftter the second water treatment 
; cal with the shrinkage obtamed in step 2 of test A 
An additional | hrinkage was obtained with 2 . 
- lwo Hoffmann pressings (steps 5 and 6) brought a 
Hlotfmann pressings (steps 3 and } This shrink 1 1] 
further increase in shrinkage amounting to an addi 
tional 1.4° lv removed im 
IA\BLE Il SUCCESSIVE PRESSING AND RELAXATION steps 7 and on obtamed i 
STS » YPCREASE IN 
11 Percent | REASI WaARkP FROM step S is equal to that in step 4 as we s to the 
ro 65¢ kK condition established im steps 2. 6 ind & in test 
rocedure A 
Step Test .\ lest B 
: These data conclusively prove that Hoffmann 
1 Relaxed Pressed 
Relaxed Se Pressed 30 pressing cannot be used to measure fabric shrinkage 
; Presse x) Relaxed 70 () the other har 1, water relaxation gives a accu 
Presse —— rate and reproducible measure of the tabric’s normal 
5 Relaxed Pressed 7.6 
6 Relaxed ) Pressed & 5 tate It turther sl] vs that any setting action pro 
7.6 Hicvcled 7.0 duced by Hoffmann pressing does not alter the re 
; 


ar 
2 
2 a 
; 
: 
; 
relative humidil 
wow 
5 
{ 
— 
| 


humidity, further accentuate 


Figure 23 shows the appearar Seach! fn} 
appearance Of ao shrinkage of tabric may give a talse mcication 
eS pre ed mans pabar e suit coat at <U IX H First, it as essential that the fabric be reconditioned al 
S The same coat after exposure to YO R. H. is shown to its initial moisture content when making shrink hay 
Ee n Figure 24 The dimensional change is not ob age tests in order to avoid including anv R. H ‘ 
Bl ee \ t ul the appearance change 1s The R. H motion in the shrinkage test Secondly, it was show1 Le 4 
He motion of the fabric has heen restricted by the com that the steam press may overshrink a fabric—in 169 
ponent parts of the garment sucl 
a ponent parts of the gar such as sea sal i tapes other words, proxluce a shrinkage bevond the relaxa sii et 
lhe tabri nnot ow leno} | + | 
cal crease in length and takes the tion shrinkage which is not stable to KR. H. evcling 
ther alt rath he of 
other aiternative growing in the third dimension, and, therefore, does not pr wide a true test Sine 
ee | gy the apparent irregularities of puckering steam-test results are not reproduc ble, they cannot 
nd bubbling at the } ] | 
a; ang ! ng at the lapels, pockets, seams, and edges be used as a true indication of the shrinkage ot the Ne 
. Phi hows the effect of t ric R. H. motion or var fabric Rather, steam-test shrinkage results crudely ie Yow 
when moti s restrictes The over-shrink combine RK. H. motion and a partial relaxation, with ae 
eo age Hoffmann pressing, which is removed at high — the introduction of temporary stran ; 
i 
Anon... Ke No. 4, 25-34 «Nov. 1949) 
Ba It has been shown that changes in the moisture 2. Booth, H. (Amalgamated Textiles Ltd.), U.S. Patent ; 
he content of wool fabrics cause dimensional changes. in 654.173, applied for Mar. 13, 1946 ag 
3. Brauckhoftf, H B hem 317 89.67 (19 
those tabrics By studying fabric structures and the 
4. Foxboro Company, personal communication, Oct. 24 
susceptibility of fabrics to R. H. motion, indications 1049 
2m of the changes in dimensions and m garment ap 5. Preston, |. M., and Nimkar, M. \ / lext. Inst. 4 pit 
pearance which may be encountered at high humidity P674-88 «1949 
~ phar aiky 
in tailoring garments are obtained in addition. th B esearch Textile World 43 
ROH 205, 207-8, 263-7 (1933 
study at motion m conjunction with st 
junction with steam-test 7. Weigerink, J}. G., Textine Researcn Journar 10 
‘4 shrinkages emphasizes the inaccuracy of shrinkage 357-71 (July 1940) ee 
test procedures t was shown that 
| ced | a hown that tean-test 
| 
. 
| 
bis 
thd 
ae, 
4) 
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Wool as an Apparel Fiber 


Giles E. Hopkins* 


lhe author of ti paper, admitted interested in the utilization of wool 
ji 
made a study of present scientific and technical knowledge concerning the function 


1a 

requirements o} clothing and the properties of textile fibers. He discusses some oft 

the princtpal factors governing fiber and fabric relationships as they relate to the 


requirements of apparel fabrics, such as bodily comfort and protection as well as 
appearance and style [he paper should be of value to all persons who are inter 
ested in the development of improved apparel textiles irrespective of their interest 
in particular types of fibers Iditor 


Introduction 


have been especially significant. They served to em 
The superior qualities of wool as an apparel fabri phasize saa functional properties as differentiated 
have been accepted as a traditional concept. This  'T0™ St¥’*, appearance, and the other areas of “want 
ableness” which he more in the psychological than tn 
acceptance has been based on ¢ perience through the 5 
penerations without explictt analysts even betore tt paysical appeais stemming ftom trad 
WHS le to measure many of the propertie pride, ind mbition are strong influences inn the 
selection of civilian apparel. But even in this area 
\s facilities for testing tiber and fabric character oft intangibles there are some fe itures, such as main 
istics have been developed, the results of these tests tenance of fit, resistance to crushing, softness to the 
have been distributed through the literature Untal hand, and warmth to the touch, which can be asso 
recently there has been little attempt to analyze the ciated with measurable qualities 
relationships between the properties of the hber ind QM necessity this discussion must be confined to 
those of the final garment into which it is fashioned those areas where a correlation between “wantable 
or to codity the measurable yarment characteristic ness” and measurable characteristics can be devel 
\s a matter of tact, it might be st ited that the oped It is sign iticant to mote that 1 ny of the pret 


conmipare 


4 
peste 
as 
id 
4 
| 
ned 
4 
2 
a 
Ass 
| 
| 
ly 
stumulus to the present advances in the exten 
| erences which stem from tradition and habit may 
on of our fundamental knowledge and the antic ‘ier 
— vive wav to tunctional val | } “het 
| 3 functional values when the ltatt Wve 
pated application of this knowledge to the improve-  feen utter have 
. ment of functional properties of apparel fabrics have 1s an illustration, coki-weather ee 
sports ¢ othes which were loose at the cuffs, ankle 
to a laryve deyree trom i] ) the brilliant at its, ankles, 
neck, and watst ve mven wv 
| ee | work of Harold DeWitt Snuth [13] in advocating ar k, and waist have given way to garments with kes 
engineering approach to the evaluation and utiliza It reasonable to suppose 
tion of textile fibers and in reductmmy the available test e ms Wi wness to modity traditional 
i ON data to engineering terms; at 1 (2) the exhaustive wleas, “for cause,” mav be extended to other types a 
Ay U. S. Army investigations of the physiological de- % Slothing, especially work clothes or clothes for ee 
mand oclothing under extreme conditions ot which performance ts important 
‘3 ee In this article we will first analyze the desired afte 
i Phe scientific analysis of clothing demands tor the quanties of appare fabrics and pomt out the specihc 
military and the associated influence on sports clothes properties mvolved We will then 
th propert } 
a * Techmeal Director } Wool Bureau. I l Weat these properties im the common fibers which are aa 
Street, New York 19, New Yor! 
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Criteria of Value in Apparel 


The various factors which may be considered to 
influence acceptance of an apparel fabric can bx 


divided’ roughly into four main categories: appear 


garment and its held of use These differences will 


be discussed later 


<ippearance 


The appearance ot a tabri Is, Of Course, especially 
important in garments used for dress or business 
it is important in nearly all nonfunctional women’s 
wear, and, to a strong degree; in functional sports 
wear, especially of the type worn for sports enjoved 
yomntly by both sexes 

Appearance may be classified according to such 
qualities as color and texture, drape, 


Color and texture may be largely controlled by 


Wool dyes to rich, deep shade The association ot 


wool with winter wear men's clo 


for the darker or “muted” colors 


weight tropical suitings, the large increase 


of sheer worsted dresses by women, and the popu 
ig have se rved to 


larity of dry-cleaning and high s 
introduce light, bright, clear colors The materials 
and techniques to provide these bright colors with 
the desired fastness are available Wool therefore ts 
almost without limitation in color quality 

The influence of women’s styles and convenient 
dry-cleaning, recently supplemented by shrink-resist 
ant treatments for sports-wear and other articles 


which require frequent cleaning, h: 


on clean, smooth textures. These 
able it worsteds, gabardit es, melt 
and the like. The felting qualities, which are exclu 


sive to ‘wool and certain other fur fibers, are impor 
tant in creating many of the finishes which are so 
desirable W here rough surfaces are desired, the 


Ities of wool are important 


‘| he concert of drape probably 
t t 
influence of visual and touch re: 


doubt luster is involved; certain 


ence, lack Of sieaziness, and even si 
ness of surface are involved im the evaluation of 


crayx Research now in prog 


has 


a 


char: 


associated 


with 


visual reaction 


Within 


Nits, 


the luster 


an ncreaset 
and it can be controll 
t finish and the weave 

hit re ers to the 1 
individual It proba 
drape. Fit as that qi 
garment was mac 
controlled in gross 


cut of the 


uring ane 


cu 


t 
if 


material 


chemneally, a 


which 


ally tor 


adjustments | 


Call be control 


\ 


as bv tl 


lew 
deg 


the desi 


1] 
it 


} 


by chlormation, 


ie 


al 


1© amount of careful meas 


will make a stif 


give complete satisfaction im fit 


in 


last 


areas in order to improve the 


properties of wow 


obtaining exact 


iit 


tle 


hang between 


and elastic recovery are important in securi 


Ha 


nds al 


nd 


aesign 


covery 


justine 


Al 


} 


rie 


fit 


nt 


or construction 


are 


suriaces as 


\fter pertect 


shoulders le 


aracteri 


wool 


are 


tn 


hoardy 


material 


tailoring the 


the desiralnl 
hand,” or the 
ness, resilience 
ilso been sug 


dependences on the fabri 
useq, the hand of wool fabru 
xibilitv, toughness, elastic re 
sibility, mass resithence, and 
wool fiber 
h involves the heat conductn 
the amount of fabric area im 
Phe conductivities of the vari 
nificantly different. However 
as nvlon, rayon ind cotton 


593 
greater understanding of the degree to which Nex 
bilitv. (in bending), extensihty (in elongation), 
Oe luster depends on the amount and pattern of light 
ance, touch reaction, maintenance and serviceahility, 
reflected from the tabric It is a ditheult character 
and protection The relative importance of these 
istic to measure in its eve appea The most lustrous 
individual factors varies, of course, with the type ot 
luster which ts especially er 
high quality and softness (as a j 
(ie 
selected 
olding of the garment to the 
ly includes scree of 
ME the wearer. It is BS 
$ 
Py. 
the selection of manutacturing methods and design | 
| 
has called The telting important aids 
i 
set the collar or the 
\side from the visual s/ 
ity of fabrics is also influenced by the 
appeal to the sense of touct Firm 
Be tts and softness are involved It has 
Re gested that warmth or heat conductivity may be in i 3 
cluded In addition t 
Spec ihe volume of the 
The warmth to tou 
Hairy, (Ud | itv of the fiber and 
Drape is a quahty which is difficult to measure. contact with the skin 
ous fibers are not Sig 
actions. Without the slick fibers. such 
liability, resi h, cool 
ly phabihty, resili- give smooth, cool compared with the 
Fourt and Harris [10]. wool is the hairiest of the 
ae Ress may give us a fibers; and because of its hairiness the area which nr 


Su4 

comes in contact with the skin is so small a part of 
the gross area of the fabric that it feels warm because 


the body heat is not taker iwayv by conduction, 


Under conditions of actual service, the touch quah 
tie f a fabric are very much affected by fabric 
moisture absorption Damp fabric im contact with 
the skin feels cold and clams The hairiness of 
wool reduces the clammy feeling by reducing the 
area of fabric in contact with the skin., In addition, 


the natural absorbency of wool makes tt possible 


for 


the wool fabric to soak up as much as 30%. of its 


own weight in moisture without teeling wet 
Vaintenance and Serviceahiltty 
Kelative case of maintenance and length of service 


are im work clothe 


those items of dress 

ubject to frequent 
There isa tendene y to oversimplify the wear evalu 

abrasion 


ation of 


apparel by the exc 


testing ven when the wear-life of a garment 1s 


detined as its service to the pom ot physical destruc 
tion, abrasion represents only one form of wear 
(sarments are also destroved by tearing and snag 


ging They are made unusable by the development 
of ugly shine, stretching out of shape, shrinking, 
or just going out of style The relative 


widely with 


importance of these several factors varie 
the type of yarment, the typ. or eTvice the social 


posttion or ambitions of the wearer, and innumerable 


other considerations many possible variations 


cannot be covered 


variments are 


in the distribution of these factors 


ina general article of this type good we; 
| 
quahttes of woolen and worsted 


We 


interrelationship of tabric de 


ally aceepted need to know more about the 


sign and service 


Most) wool 


hang and 


fabrics are 
The 
ind hot cone 


Vaintenance of Pres 
a cle sired contour 


wool when dany 


of its valued characteristics Cotton also can he 
pressed, but cottons and ivons are more easily 
crushed and wrinkled. Special treatments apphed to 
these fabrics to reduce crushabilitv. make pressing 


more difficult m direct prop etlective 

Wool has the ability to take a press, combined 
with crush-resistanee Casual wrinkles, such as 
those caused by sitting, come out almost as soon as 
the wearer changes his) position 


wrinkles which 
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Irom 


moisture from the body, from long packing, or 


wearing in the ram wil 


\s a matter of 


out on hanging 


testy me 
i Usually Come 


fact, the addition of wool to rayon 
and cotton in blends wall frequently improve their 


crush-resistance more effectively than it is 


to do by the use of crush-resistant chemical treat 
wool will also Mprove the 


ments, and the pressing 


of the fabric 
The 


on its elastic 


crush-resistance of wool ts largely dependent 


recovery and its resilience 


to Maimtain Shape.—When a garment is 
worn, small areas are exposed to localized strains 
Pockets stuffed 
front of 


duce 


with papers, compressions at the 


the shoulders, tensions at the knees, all in 

repeated and sometimes contimuous stresses 

which tend to distort the desired hang 
Wool is an 

these distortions without interfering with body move 


hence 


or shape ofa 


garment elastic fiber, which allows 


ment, but both its elastic recovery and its resi 
after compression greatly assist the garment to return 
to its orgimal contours 


and 


Its plasticity under heat 


and moisture its alnlitv to shrink also assist im 


bringing wool garments back to the desired dimen 


sions On pressing 


Cleanahility Wool and 


worsted garments can be 


dry-cleaned without loss of shape and fit. Certain 


types of wool fabrics are now given shrink-resistant 


treatments and hence may be washed. Shrink-re 


sistant treatments are apphed most trequently to 


subject to soil and 


Suits and coats 


those garments which are most 


which have padding and fittings which will not stand 


washing are, of course, not commonly shrinkoroofed 


Protection 


In hot, humid environments clothes may | 


actual impediment to the body's natural heat-regula 
tive processes, but they do afford protection against 
insects and some body injunmes. In contrast, clothes 
are important aids to body temperature regulation in 


hot, drv countries, particularly im direct sunlight. In 
ill cool climates clothes are of course a distinct ud 
in maimtamimng bodily comfort and even life Xe 


cently published reports give considerable information 


heat-regulauon mechanism [9, 21] 


id evaporation It 


between the heat gamed and lost to the environment 


| 
ad 
: 
t 
hy 
ab 
i 
ha 
ining 
| ner 
ibe an 
pre 
on the body 
jaa Phe body gains heat from the environment by con ee 
duction, convection, radiation, 
has the necessary facilities for effecting a balance 
4 MEME are partially set in the fabric by nd that created by metabolism in order that. the ry 
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temperature of the 


be kept approximately 


cut off circulation to the extremities, abandoning 
them 1f necessary, so that the vital functions may 


protect 


Bodily Adjustments under Hot and Cold 


Conditions [9, 21] 
Cold km 


ronment 


It the body loses heat to the environment too rap 


idly the circulation of the blood is withdrawn from 
the surface. This greatly reduces the blood-cooling 
effect (which resembles that of the circulation of 


water in an automobile radiator), which takes place 


} 


Close 


OWS 


blood 


the ski It also reduces the amount of tissue 


maintained at normal temperature. The top cent 


body tissue makes up 21 of the total 


ht of an average man. The top 2.5 centimeters 


ialf of his weight 


cutting off of surface circulation causes a 


drop in skin temperature, and this, in turn, rec 


heat losses from the skin to its surroundings, since 


heat losses through conduction, convection, and rae 


ation are all directly proportional to the temperature 


differences between the sl 


Since the insulation value of the surtace 


greatly increased under conditions of reduced surface 


1 


circulation, this reduction in surtace circul 


ation serves 


internal organs, reducing 
on of heat to the skin 
here 


take plac ith of whi h 


is then an urge tor 


extremities is cut 


the maximum are: 


Under extreme 


heat loss by increasing 


between the 


lating value of th 
Sweating take 


water on of 


ettect 


maximum evaporation area 
Sweating imereases with the organism demand | 
for cooling \tter prolonged exposure however 


sweating 1s decreased to prevent dangerou de} 

dration The sweat rate of an unacclimatized man BS 

decreases 10° to SO in 6 Farmers and 
laborers guard agamst this dropping off of the sweat ies 
rate hy n underwear when work 
ing it mizht otherwise have 


The Function of Clothing in Heat i 


Regulation [10] 

( lothing mav assist body temperature regulation | 
by cutting down the body heat gains and increasing j 

the body heat losses in hot envi and by 

cutting down the body heat losses in cold enviror iz 
ment It can also create inertia effects which pre ve 
vent sudden chil clue to too rap lan poration ies 
of accumulatec weat alter activit The ab 
sOrptive quality of wool increase thi nertia eflect & 


ae 


| 


bed 
1% 
$95 
ak bine 
ii » yital organs in the trunk sha EE: conditions the circulation to the ieee 
‘ 
ite 
ak perature rises or drops more than a few degrees, Seat 
death results The body fights to maintain a con 
a stant internal temperature. It even has facilities to oe 
ne In hot environments the blood circulates next to Tess 
Mi the surtace of the sku Skin temperatures all over die 
the body approach the internal body temperature 
This gives maximum cooling of the blood, utihzes } 
for such cooling, mereases body 
ae | 
the temperature ditferenc 
. 
skin and its surroundings, and the inst 
e surtace tissues ts reduced 
place, and the evaporation of thi 
the skin has extensive cooling 
} } } 
Under high heat conditions a man can evaq 
ane orate 2 to 3 pounds of water per hour A 
- ee Phe individual tends to become inactive. At rest 
he lies in a spread-eagle position im order to give 
when the the surface of 
| 
makes up 
Wek 
| 
Hices 
f, Ej) an its environment and is then available for evaporation after their own | 
to 
cot 
increase the rate of metal 
mcrease the rate o etal 
pers olism and thus speed up the production of heat in 
the body 
| ater the course ont Xposure to cold conditions, 
pie the individual makes other involuntary adjustments 
Ce He tends to assume a crouched or hunched position, 
por thus reducing the body area exposed to the surround y 
ed ings. His arms are brought in across the chest ani 
The are up to the belly and held close 
ae together COOse pimple » appear and the hair on the Conduction is the direct transfer of thermal energy 
stands straight, thus increasing the thickness of through sot ases, or houid The conductivity 
sulatinyg iaver ir next to the skin, or reduc of alr is extremely low | conductivity of water 
ea ing the erosion effect of air movement is high There ts little difference between the actual =) 


| 


comaductivities o the Various textile hibers them 
elves. In most fabric constructions encountered in 
warm apparel the tual tiber makes up not more 
than 20% of the total tabru volume [19] Hence 
the controlling factor of conductivity ts the entrapped 
ur \s Sehiefer [12] has shown, among common 
fabries the conduetivit roughly proportional to 


tabru \ 


he flutfed up 


cotton or 


(the re 


| loweve 


maintain its msulation value by matin 


bulk factor of a fiber 
the 


nce is Also Because of 


complexity ot fabric constructions, fabric resilience, 
is represented by the recovery of bulk when a mass is 
crushed, 1s involved, vell as the resthence of indi 


ation due to bending, twist 
ing, and extension Investigators are studying the 


the mamtenance of thick 


ness, but for our purposes we can assume that all 
types of resihence play a part 

For clothing which ts im contact with the skin, 
ibsorbeney is also important We have noted that 
the heat conduetivity of water is very high relative 
to that of au even when conditions are not warm 
enough to mduce sweating there is a constant forma 
tion of imsensible perspiration. If this moisture ts 
not otherwise disposed « it forms as liquid water 


interstices of the tabriu hence the high Wisu 


lation of air is rep iductivity of 


water, Which ts approximately 20 tumes that of air 
mereases the body heat | enormous! Un 
der extreme condity ot cold thi sater will treeze 
it the pomt om the eros ection of the garment 
where liquid water micets tree ‘Ang temperatures 


frost pont will gradually appr inner surtace, 
yiving ret only the low heat-resistanee ie und 
vater, but actually putting still greater demands ot 
the body tor heat to melt the se The biskimos are 


that sweat will not accumulate mm their furs. Fur 
thermore, the | ing their garments outside to freeze 
when they are not wearmy the Betore they put 
them on they beat them to shake off the frost and 


ture which accumulated during previous wearimyg 

in ur civihan cloth we need resort te less rig 

~ 


Jor RNAI 


orous practices The motsture can be conducted 


away from the skin in several ways It can move 


through the interstices of the « loth In open weaves, 


up to 20% fiber density, there 1s little difference in 


the water-vapor permeability of fabrics made from 


fibers because there are sufficient 


OF 


spaces to allow free transmuisstot However, 


fabrics of greater than 20° 
too 
Cotton, 


fiber density, the open 


spaces are small tor free movement of 


water 


vapor wool, and the cellulose fibers have 


sufficient absorptive capacity to allow the water Vapor 
to actually travel through the fiber, thus allowing for 
from the skin regardless of the 


removal of water 


tightness of weave. The high absorbency of wool is 
therefore important in maintaining a high msulation 
in wool fabrics 


In extremely cold climates water accumulation may 


act even more effectively in taking heat from the 
body \ssume conditions in which insensible per 


spiration is being formed in periods of relative mac 
tion, or where sweating is induced temporarily by 


exercise Assume that thick clothing 1s worn and 


the temperature and vapor pressure at the out 


1] | 


le surface of thts clothing wall cause condensation 


The moisture formed on the skin is vaporized by the 


The 
quired for this vaporization is taken from the body 


local, relatively high temperatures heat re 


The water vapor travels through the fabric to the 
outside 


densed, giving up heat in the 


surtace of the clothing Here 


it con 


proce ss, away trom the 


body, where it is of no value in maintaining body 


temperature, The condensed moisture is then sucked 


towards the inside surtace of the clothing by 


back 


capillary action, which is aided by increasing tem 


perature This moisture is evaporated at the skin 


the body The water 


vapor travels to the outer surface, where it ag 


condenses on contact with the low 


temperature, gives 


its heat to the outer environment, and returns as 


liquid: water to the mner surface In effect, an eth 
cient, closed system for transferrin heat from the 
body to the outer environment is set up 


rptive materials, such as wool, 


mits, be ab 


ther without vaporization and resultant 


loss of body heat. However, when the accumulation 

of insensible perspiration or large quantities of active 

sweat exceeds the absorptive limits of the fiber, the 

ibove heat-transter a nis set up But this actior 


Textice Restarch 
ey 
the effective thickness of the 7 
temporarily to give equal ongimal insulation 
verse of conductivity) to that of wool =i! ae 
ippare: must 
eae taming its original thickness under the conditions of ie 
mmportant but its resi 
Spal 
3 
4 
a 
surtace by heat taken fron 
very caretul to remove ther clothes when tnside 
the insensible perspiration may, within 
sorbed by the 
Ice particles that mav have formed trom body mons 
va 
| 
Vint 


AUGUST, 


is delayed or prevented to an extent which ts directly 


proportional to the absorptive capacity of the fibers 


Phe absorption capacity of Wool gives it a superiority 


ers in preventing such heat loss 


Convection is the loss or gain ot heat « 
nent, either naturally induced from the ditfer 
nsity of air at different temperatures or 
drafts and artificial air circulation The 
heat exchange as a result of convection de 
pends on the temperature difference between the sur 
face of the skin or clothing and the surrounding air 
It also depends on the rate of air flow High air 
speeds cause greater amounts of air to te brought 
into contact with the surface; thev also reduce the 
thickness, and, therefore, the insulating value, of the 
still air film Iving next to the fabric surtace This air 
film is an important barrier to heat flow 
The outer surface of the clothing is, of course, fully 
exposed to outside air movement There is also 
some convection of air inside the clothes, the air en 
leaving through open collars, cuffs, pants 
Even when these openings are closed, nat 
ral convection currents are set up in any large 
spaces where air is entrapped insite In order to 
cut down convection losses, it is important to close 
the openings in the garments, which, of course, are 
controlled by stvle It is also miportant to keep the 
of still air next to the surtace of the fabric at 
maximum thickness The hairiness of wool greatly 
assists in the maintenance of thick air films; so again 
the natural resthence of wool, especially in bending 


is Important Furthermore. wool. relative to other 


fibers, retains a great deal of this resihence even 
when wet [10] 

is the transmission of heat to or trom 

c im the of wave motion, similar 

transmission ¢ t and souns Radiation 

rough the air without heating it. It can 

hetweet irtaces which cal set t ich 

nnot go around corners Phe rate ot 


and upon t typ of surtace 


| 
Surfaces vary in their capacity tor emussivity 


many textile surfaces, and black tron have 


Surtaces 


total heat loss may be 
radiation heat 


tion heat loss « 


is brought to 


lower than perature 


conditions, howeve 


temperature ditference between the surtaces involved 


<8 
rm heat 
1 can be 
nd light 
1 rachate 
or absorb 
Surtact 
ind vies 
have low ; 
ms ot aw 
thirds of tts + 


ition of the ny 
riot 
wort 1 
i\ 
ot 
extreme] 
{ 
it vain ap 


uch a 
the 1 te 
ce ot the 4 
ijt | 
ct Lhe 
portance of 
der most 
factor tor 


apor 
hat eval 
regulatior 
il to the 
if 
al | the 
tact vith 


nemitted Wiched st 
i little heat 
( tion Vary in their capacity to 
Yee heat which comes to them im radiant for: 
with high reflectance have low absorptar 
ieee versa Skin and most textile material 
} } | 
ats reflectance and high absorptanes 
ae For a nude body under normal cond 
ae and wall temperatures, as much as tw 
Hlowever, 
loss For a 
ay clothed body, where the outer temperature of the ’ ak 
| 
clothing HEE a temperature whi 
! 
a clothing itself, a comparatively small pr 
Be the heat loss is through radiation. Under 
ortant tor example whet tenmmperatur 
re rounding surfaces are extremely high or 
~ 
Be low as compared with clothing temperatt 
} } | 
ation may be an nnportant nifluence on | 
co) direct sunlight or in the desert. where there is higl 
reflection from the sand 
iS Phe high emissivity and high heat absorption prop re 
al erties of clothing can be moditied by treatment. of ae 
he. the fabrics with highly reflective materi 
metal powders lo be effective, however 
Be rial must be present on the outsice ur 
at fabric or on surtaces between tabrics whi 
importance of control of radiation heat 
es is, of course, linuted to the relative im 
radiation in the over-all heat change 
My conditions radiation is not a controlling 
inthed civil fe 
Ewaporation 
Evaporation is the loss of heat through tl 
ah zation of water or sweat It wall be seer | 
oration 1s an important factor in the heat 
x 
ra transmission depends upon the fourth power of the mechanisn rk 
The rate of evaporation proportions 
sweat productiot rate, the air temperature 
st amount and dryness of air coming into co 
= 
Hd 


4 
—— 
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7 In hot, humid atmospheres in the shade, maximum when wet \ film of dead air space increases the 
evaporation takes place when air is given free access insulation value \bsorbency 1s also important in 
; to the body, as in the nude Furthermore, cooling removing insensible perspiration, the accumulation of 
y i take place directly on the kin, where it does the heat loss in winter In summer 
ey ‘ most good In hot, drv air conditions, however, to remove sensible sweat to the 
eek: where a small volume of air will have a large evapo le w clothing, where it is in direct contact 
| rative capactit clothing which entr ips a small quan air and yives greatly at 
tity of dry air by bellow tion does not radically r evaporation By means « 
interfere with the cooling action of evaporation, and tion, sweat which might otherwise run off 1 
it the same time gives needed protection by decreas for evaporation when sweating ceases 
ing rachation and convection heat gains Resilience is also important to maintain the thick 
Clothing in direct contact with the skin cuts down ness of the fabric and hence maintain its imsulation 
the amount of evaporation which takes place directly against heat loss when the outside environment is at 
on the skin but at the same time gives a vastly in a low temperature or against heat increase when the 
creased area of evaporation. The absorbency of — outside air is hot 
wool helps move the water to the surface of the Suits Elasticity, recovery from elongation, and 


clothing, where it has ready access to air, and the — fiber-mass resilience are necessary requirements for 


hairiness and resihence of wool, even when wet, in sul 


ts in order to maintain shape and to prevent 
ure the maximum evaporation area \ 14-0z creasing and wrinkling 
woolen fabric gives 527 square teet of accessible Outer Clothing, Sports Clothes, et \gain the 
evaporative surtace per square yard [3 (a) | high specific volume of wool, its bulking power, re 
The absorbency of wool produces an inertia effect sthence, and crush-resistance are important in main 
which slows down evaporation when it ts first needed taining fabric thickness and insulation value. Good 
On the other hand, by means of the same absorbency absorbency is also of importance 


excess sweat is stored which might otherwise run oft 


and be wasted, It is then available when later cessa Physical Characteristics of Wool 


tion of sweating (to avoid body dehydration) would : Er 
evaporative coolis When we start to discuss physical characteristics 
‘ Ca sc ail ‘ mOrative 


we are usually too prone to talk about. strength, 


The high absorption of wool prevents sudden chilling : ; 
probably because it was the tirst characteristic (asic 
when exercise or other heat-producy yactivily ceases 


from weight and length) that we could measure, and 


also because it 1s such an easy characteristic to vis 


Phe absorbeney of wool also has another value in 


ich ts practically the « pPposite ot evapora 


an action wh ‘ 
ualize \s a matter of fact, fiber strength—that 1s, 


tion. Cassie [3] has shown that in going from the 
the load required to break a fiber—has little direct 
relatively dry, warm air of indoors to the relatively p 
influence on the characteristics of the finished prod 
cold, Moist air outside, the absorption of moisture Dy 
, , : uct, its resistance to wear, and its ability to provide 
the wool actually serves to create heat In going 
- service 
trom a room with 45 relative humidity and a tem 


: When dealing with the relationship between the 
perature of O4.4 fF to the outdoors where the rela mr 


wth of a fabric and 
tive humidity ts 95°) and the temperature 41°F the sie a 
, it Was made, the situation ts complex ane 
heat of absorption in a 3.3-pound man’s suit would 


more upon other characteristics of the fibers and 


he rougl to the amount normally lost by the eae 
. upon the controllable tactors of weave and spinning 
The weave and twist determine the amount of slip 
, page between fibers in the varn and between yarns 
mportant Factors im ¢ Protective Fuy n | 
: in taking up a fabric load, and the weave also deter 
mines the relative lengths of varn which might be 
Garments Worn Next to the Skin These would — involved in a given loading 
include bathing suits, underwear, socks, ete. In such It is therefore not sufficient to consider the strength 
clothing it 1s important to cut down the area of con of a fiber alone. H. DeWitt Smith [13] discusses 
tact between fabric and sku \n area tree trom at length the necessity of considering characteristics 
contact reduces the feeling ot chill and clamminess im combinations rather than as individual entities 
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TENSILE STRENGTH IABLE STIFFENESS 15 
(RAMS PER DENIER 


Standard Wet « ad 
\ t en 
\ 
6.0 48-64 \ ia 
70 60 \cetate, high-« ga 
6.4-0.9 54-58 
6.0 
\ regula 
4.s-§.5 3 §-4.7 \ ey i 
$05.0 $.6-4.5 
3.54.5 42-45 Cupra 
$54.0 45-40 


>. 8-3.8 36-38 if 
wit »4-3.0 1.2-1.7 Orlor 

Viscose, high-tenac 

1.0-2.5 1.0-2.5 

Nvl 1, erat 

1.7-2.3 0.9§-1.25 Cott 20 

1.4.2.3 1.4-2.3 \cetate thee} 
ition 1.3-1.6 Jute (20 

1.3-1.5 0.8-1.2 


PER DenteR-CENTIMETERS 


ul n the table headings refer to the 
end of this paper The nish the source \ n, regula 
ill of the individual items in the table Vinyon, high-tenac 
{ the iter hat carr » numbered refer Saran 
Orlor 


ions are 70° F and 65% 


n tal ed 
the terms “tenacity” (strength per Nylon ter \ 
stiffness” (resistance to stretch), and \ceta 
I’ ethylen 
work required to attain a given Viscose, high-tena 


iow the various fibers arranged Gla 


a, and acetate (high elongation tenacity Vinvon has lower elons 


weaker and much less tough than these fibers have as good elastic recove 


ry 


as 


434 


iMi 


+ 
TABLE J perk 
ancl 
i 
\cetate, saponitied 
(slass 
Cotton [20 
Nylon, regular 11.1 
Orton 
Viscose, high-tenacit 13.0 vag 
15.5 
Vinyon N, stretched 
Vinyon, high-tenac 
Viscose, med ter 16.6 if 
lute [20 78 Saran 
Vinvon N, stabilizes Ne 
Polvethvlene 
90 
Saran 
\cetate, high-elong 185.0 
70.0 
Gla 3220 
woot [20 1.3 11 
Vicara [8 0.53-0.57 
Vinvon, unstretched 07-10 07-10 [15 (GRAM CENTRE TER 
* Numbers ap 
references at the 
of data and appl 
with the exceptic 0.6 
Standard Nylon, regular 0 
0.48 
ay lle introduces o4 
unit weight 0.55 
stretched condition \s ilustrations he uses the 
Acetate, saponified 021 
following adjectives for describing these character 
Viscose, medium-tenacit O21 
istics: tenacity may range from “strong” to “weak woot. 120 0? 
stiffness can vary from “stiff” to ‘plant toughness Vinyvon stretched 
can range from “tough” to “yielding Wool is very 
Ae plant, and weak but tough; silk ts phant, moderately Vieara [8 0.18 il 
ait strong, and very tough; flax is very strong but \cetate, regular ON et 
inextensible Cuprammonium O44 
Fables | to V show .. 0.07 
on the basis of these characteristics While wool 1 
one t the weakest hbers, be noted that it Jute O02 
4 stands at the midpoint in the list of fibers for toug! Lig. 
eH ness and near the top of the list for phabilitv. Fur wool High-tenacity Vinyvon and high-elongation 
thermore, of the more phable fibers—-Vinyon (high acetate have greater toughness than wool, but hig! 
4, 
| 


Stand 
irc We 
condi 
thon tions 
retched 100-120 120 
Polyethylene 0 OO 60 
Win 0 
Vieara [8 3 40 
Vin reyular 35 
\cetate, regular 23 40 
Viseose, regular 340 
lon rey lar 3? 
Saran nonented 15 
Orlon 21 16- 22 
Vinvon, high-tenacits 18 20 
Nylon, high-tenacit 14- 20 
Viscose, medium-tenacit 12- 20 17- 30 
Cuprammontum 17 17- 33 
Viscose, high-tenacit 9. 17 14- 20 
Vinvon N, stretched J] 
Cotton | 20 6 7 
\cetate iponitied 6- 6.5 
Glass 3 
Flax 1.6 
Jute Os 
* Standard conditions are 70° F and 65% RH 
Work 1 just beginning on the é@nyemeerme rela 
tionships of these characteristics im tabric construc 


tions and their dependence on the tiber character 
istics such as those discussed in Tables I-\ We 
must wait for the results of this work betore we can 


yo mto more detar However, it is apparent that 


wool possesses a } 
tenacity, phabilitv, toughness, and elongatior 


In the above discussion of the varion 


qualities in tabrics, the im portance of resilence has 
heen empl isized rey itedly It is in portant m re 
sisting crush, in enabling wool garments to lose 
wrinkles when they are hung, in maimtaming fit, n 
maimtaming thickness Cand hence msulation value 
in giving the resihent, hairy surtace that cuts down 
thre irea of ¢ tact with the sku giving wool 
tabru their soft and warm teel ind 4 
summer suits of good covering power 
t and arr porosity 
Resihence may he measured im several wavs It 


can represent recovery from elongation (Table \ 


and the recovery of mass volume atter compression 


{ Table \ noted these tables, wool stands 
| 


Recovers 


Recover after 
after tretching 
stretching the indi 
1% of cated ¢ 
originai rigina 
ber length tiber length 
woul 19 100 at 30% 
Nylon, regular 100 at 8°] 
91 at 10% 
Vinvon N, stabilized 100 at OS ¢ 
per den 
(lass 
Vieara [8 99 5 90 at 20% 
wet 
Saran 95 (slow 
Viscose, medium-tenacit 97 at 2% 
Orlon tant 97 at 2% 
instan 
Polvethvlene 90-95 at 
5% (slow 
Vinvon, regular 90 ar 80% 
load 
Cuprammonium 17-78 
Vinvon N, stretched 
per den 
Vise regular 58 at 14% 
Viseose, high-tenacit 70-100 
\cetate, saponitied 100 at 1.2% 
60 at 24% 
wetate, regular 48-65 at 14 
it the top of the list u re very trom long wT 1 
tt topo w list im covery trom elongation and 
In recovery from Compression For exalliple iceo4re 
ing to von Bergen [19] wool will recover 106 of 
> 
its initial length after stretching to 300 of its orig 
nal length. Kegular nylon will recover LOO‘? atter 


an stretch and YI atter 16! (lass has ex 


cellent recovery but it can only be stretched 36 to 
$ without breaking (See Table \ 
In recovery trom mass compression, wool—even 


the tiner, soft wools which are not noted for their 
resihence——has resihence superior to that of the other 
fibers, recovering 55.8° of its volume after com 
pression in a mass taken at 0.001 pound per square 
inch to 1.0 pound per square inch pressure This 
compares with a recovery of 530 for waste nylon 
52.2% for silk, (See Teble VII 
Compressibility is an indication of the apparent 
softness to the touch, Under compression, in going 


from 0.001 to 1.0 pound per square inch pressure, 


wool will lose &§ ot its volume (ot which it re 
covers S3.s' Cellulose acetate will lose about the 


same amount on compression but will recover only 


: 

TABLE IV. Etoncarton ar Break (Percent 15 rABLE V. Exasric Recovery (Perces 15 

hae 

| 
| 2 
tion of 
lesired 

4 

4 
| 

“3 


VI COMPRESSIBILITY (PERCENT 11 


when presse 
n the mass taken at 0.001 II 
1.0 th. per 


~ n Dress rm 
i 

woo, 70's 

te R4.9-85.3 Nylon 


80. 8-840 Silk. degum 


about 44.5 after release, and cotton will lose 80% | 


\BLE VIII 


to 84% of its volume and recover only 37° to 390% ; 
Specite e (cc. per g taken 
(See Tables Vi and VII it 4 Ib. per sq. in. pre ire 
The above discussion of resihence is obviously ex 134 
tremely simplified. It is only when we go into still Cellulose acetate 10.6-11.1 
Sil d "108 
greater detail and delve deeper into the complexities 
Cotton 10-104 
fiber behavior that we can completely explain why woo... 70's slive 97 
wool gives the performance that sets it apart from Nylon, waste 79 
other fibers. Hoffman [7] has provided a most in 
teresting discussion of resihence in which he points | sion wool has only 29° recovery as compared wit 
out that although quartz, rubber, and wool are all = 75° for nylon Wool has a dual nature It i 
highly resihent, vet their behavior is quite different fairly suff and springlke for short loading times and 
He points out that much of this difference is tied up low strain, but it is increasingly comphant at longer 
with the great 1 of the time factor in wool loading times and higher stran This explains why 


behavior. Hamburger |6! has worked out an elastic 


pertormance coemthicient to represent this time 


as applied to hber tests . 7 lin 
Quartz has a high modulus and a low time effect harsh depending upon the weight of material used 
Rubber has a low modulus and low time effect The importance of absorbency has already been 


4 


Wool has a high modulus and a high time effect emphasized. This characteristic enables wool fabri 
Hoffman describes the ditferences in work recovery to retain their warmth by preventing the accumula 
at different degrees of extension For example, at tion of morsture It helps pass sweat to the outer 
0.54) extension wool has 04‘ work recovery as surfaces for evaporation Wool has the highest ab 
compared with &2 for nylon, while at 5% exten orption of the fibers studied except cuprar onun 


Finer 


Dey 


95976 RH 65! 


Cuprammeo 7 


\ 


5.6.14 965 (14 $15 {14 

Vicara 16-18 | 8 10 

Cotton 15.6 [17 4.7 (17 117 

\cetate 13.0714 6 15 3.2 14 09 14 

Nylon 6.2 [5 sR 715 »3 5 1] 5 

Orlon > (78° | 15 

Vinyon N OOOS8 10715 
(slass None [15 
Vin 
Saran None [15 014s 
Polvethy len: Nome 18 


\uGust, 1950 601 
Vol i \ ume recovered ([)) after 
‘ pre ass taken 
O.OOL Tb. per sq. in. to 
10 tb. per nm. pres re 
: \ 
70's shiv liver 53.8 
Cotton first 52.2 
Silk, degummed, first draft 77.0 Cellulose acetate 4.4446 
Viscose, at pit 69) Cotton. } | 
Nvlon, waste 67.7 Viscose staple 
3 
~ 
1 
TABLE IX. (Peecest ON 
Water 
77° F and 70° F and 77° 77° F and ibsort 
12.5 (15 
6.1 £16 13 15 87 116 [16 
: ~ 
| 
W 


nel fa Fable IX \t 5 reiative treatments which can be adjusted t vive the 

t | rb 25. fits dry weight bination of washableness and finishing quality that 

} ter as compared with 154 for cotton, 13.0 are desired in a particular garment designed for a 

for etate, and 6.2 rv the last hgure ob particular use 

ed at re tive | t cose rayon wall | rilike many ipparel hber does 1 t support 

retain 26 t ‘ ! 30, mass re combustion or burn with a flame. When exposed to 

silence and 30 t } elastic recovery after a an outside source of ignition, the wool fiber will 

} tretch Viscose also has limited elor vation at d merely char and shrivel, leavin ya semiiprotective le 
nearly three times as stiff as wool, Cuprammo posit of ash. Even in highly napped tabries the 1: 

nium is nearly four tine ttf as wool, is much dividual tine fibers when exposed to an open flame 

le tough, has Jow elongation nd) poor elasty simply char, without supporting continued combus 

recovery tion The heated tiber does not melt and drop on 
Phe specite volume (cubie centimeters per gram ) to spread combustion or cause burns on adjacent 

af tiber is al ot nterest (see Vable 

VII It inchicate how the tiber will pack, or the 

vi ne occuptred by ec. tibers The hivure 


! 
quare mech pre ire to ¢ rate ‘ e of the vari 
ables that depend entirely upon the way the test tical conditions of tests Phere is particular need for 
fibers may have been handled The specitic volume additional information for all fibers on the immediate 
may be taken as a rough estimate of the thickness — elasticity, primary creep, and secondary creep unde 
obtamable trom a given weight of tabriu \s the heat commonly encountered atmospheric conditions and 
insulation value for mvt tvpes of fabrics is de under a variety of conditions of load There is also 
pendent upon thickness, it also give in indication need for a more complete compilation of the imfor 
of the relative heat 1 lation per umt weight Oh th ihout fiber fal characteristics and 
viously, special constructior be designed to their mterrelationshy It en raving t note 
make a fabric more r ie laott with os e mic that worl this directiot read nder w 
pendence of these rance volume figures How We look forward to much more « plete and defini 
ever, we have little mterest the nsulation value tive cussions im future publications 
at tal rea first nutict \ tal Tic must 
retain its msulation im actual service, specie volume Literature Cited 
fipuire must theretore be cor dered practical only 
Fechnical Leaflet F-7427 1949 ) 
a ee 2. Cassie, A. B. D., Natural Fibres versus Man-Made 
VIEL shows that viscose has the t Fibre Text. Inst. 37, P556-61 (194¢ 
volume ind that acetate silk, ind have B.D Physi t 
higher specie \ than | wever, cotton frogress X 1946 e 


> 
TextTire Researcu JouRNAIL 
ae 
b 
| 
3 
| 
Se 
recovery, and viscose has very poor resilience 
3 (a). Cassie, A. B. D., ¢ racteristics tor Warmt 
Wool fiber has one other miportant characterist« n Underwear Fabs ert. Inst. 4. P444 
4 which exnceptiotr il the cominon ip} ire] iMav 1949) 
ay fibers a tew rare tibers have telting proper Cotterill, Relative Hu Rayo j 
“Of ties similar to those of wool, vet this property gives Inst, 40, PO (1990) x 
E. du Pont de Nemours and Co., Sales Section 
ht and the highly ps a jersey gabar 1944) 
cline SET and ther beautitul materials it also Hamburger. W ] ot Elastic’ Pertort 
rive weal re tance navomne ince Of Lext Dev | ent ot a 
Elastic Performance Coetticient in Te on, TEX 
ness of handle, and wind-resistance without impec 
Researcu Journar 18, 102-13 Feb. 1948) 
7. Hoffman, R. M., A Generalized Concept of Resili 
Felting, as the cause ‘ nm Wa ence EXTILE Researcu JourNaAt 18, 141-8 
ing, can be controlled suttable shrink-resistant (Mar. 1948) a 


ressibility and Resihence Fibrous Materials 18 vor B and Mauer berger H R 
J. Text. Inst. 39, T131 (1948) can Wool Handbook,” 2nd Ed., New York, Tex 
12. Schiefer, H. F., Stevens, H. T., Mach, P. B., ane tile Book Publishers, Inc. 1948, p. 146 


the Properties of 1°. von Bergen, W., and Mauersberger, H. R Amer 


weh Nel. Bu can Wool Handbook,” 2nd Ed., New York, Tex 
+4 tile Book Publishers, Inc., 1948, pp. 147-68 ee 
13 An Engineering 20. Webb, BR. W., The Battle of Fibers, Rayon and Syn ; 
nd Ut ti thett fext 31, 30-41 Feb. 1950) 
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Book Reviews 


Developments in the Wear Resistance of Tex- This work of the Germans is worthy of careful 
tiles and Related Papers Published in Germany © study by technologists in the industry. In any future 
ston, D. C., Office cn 


during World War II. Washing ris& we might find ourselves in a similar pos?tion 
of Technical Services, | Department ot Com and fabri these lime may mean 4 
merce, 1950. 368 pages illustrated Price, $5.00 the difference between success and failure 

This is a collection of selected papers, translated att 


compiled at the request of the Chiet Quarter The Fundamentals of Detergency. \\illiam \\ 
master, U.S. Army European Command 


Niven, |r New York, Reinhold Publishing Corpo | Bae 
During the war the Germans were de sperately ration, 1950 256 page Price. $5.50 j eed 
pressed by shortages t materials, and, under the oe 
(Reviewed by William P. Utermohlen, Jr., Th 
urgent necessity of finding Wavs to avoid unneces 


sarv losses in use, a tremendous amount of work was 


done in the fields covered by this report The papers This book was written under the ponsorship of a 
are a selection of the more significant articles whicl the American Institute of Laundering, with the ob ee 
it was felt would not become generally available to yects of bridging the gap between general and pe ‘ 
American research workers ialized information on detergency and of showing 
Some of the papers represent hitherto unpublished gaps in the basic knowledge and inconsistencies in 
manuscripts and others appeared in Velliand Textil the published data in this field 
herichte between 1939 and 1947 Five main t pics Part | 1s a discussion of the funcamental a ye ts of 
are covered: evaluation of the serviceability and = detergency, in which are considered such topics as 
wear-resistance of textiles; chemical and photo nature and properties of detergents; chemistry, sur 
chemical degradation of cellulose; invest on and face activity, and actions of unluilt detergent solu 
classification of textile fiber properties struc tiens; properties of builder solutios and influence 
ture and reactability of fibers; and resistance to water of builders on the nature and action of detergent Me ah 
and shrinkage solutions Part II discusses sore practical con 1) 


: 
\uGcust, 1950 OOS 
iE 
8. Karrh, |. H., Vicara—Its Progress of Development on the Affinity of Wool for Water Text. 
in the Blends, Ra n and Synthet Texts. 31, 65 27. 1191-6 (1936 
(Feb. 1950) 15. Textile World, “Synthetice-Fiber Chart,”” New York 
hei 9 Newburgh, L. H Physiology of Heat Regulatior MeGraw-Hill Publishing Co., 1949 es 
and The Science of Clothing.” Philade} 16. Urquhart. A. R., and Eckersall, N.. Adsorption ot 
Saunders, 1949 Water by Ravor Text. Inst. 23, T163-70 
10. Newburgh, L. H., “Physiology of Heat Regulation (1932) 
and The Science of Clothing.” Philadel; 17. Urquhart, A. R.. and Wilhan A. M.. Moisture 
1 } fel 
ee Saunders, 1949, Chap. X. Physical Properties of Relations of Cotton; Effect of Temperature ot Bes Ma 
(lothing Fabric, by Fourt and Harri the Absorption of Water by Soda-Boiled Cottor 
L Rees VW hi The Over-All Snecific Volume Car Text. Inst. 1§. T5589-72 (1924) 
Edgar Marburg Lecture, American Society for 21. Winslow, C. A., and Herringt 
esting Materials’ 47th Annual Meeting, 1944 perature and Huma Late erinceto N. J 
Speakn ul B.. and Cooper. ¢ \ Adsorption of et Uniw itv 104 
— 
Hes 
| 
os 


eration nvolved im the laundering process under 
headings mchucding ols and soiling; separation of 

‘ rom wor « ut etergent solu 
tor and stabilization « ih dispersions: sum 
tnarization of detergent actor i comparisor ot 
present detergent knowledge and present washroon 
practice. Listing and discussion of specific detergent 

ent ive heer purpe ely i onded 

In the held of deterget wuithoritative summariz 
inv books are badly needed, and it is therefore un 


fortunate that this book has a number of serous 


hortcomungs The principal part is essentially a 
review of the lterature on detergenecy, and many sec 
tions rely too heavily upon non-recent source mate 


rial The section on emulsification has only one lit 
erature reference later than 1923, and the section on 
electrical phenomena im detergency has only one ret 
erence atter [929 to cite but two examples oft the 
author's failure to give adequate recogmition to re 
cent work Phe chapters on the influence of builders 
on detergent solutions were 


citheult to comprehend ALL ot the chapter in Part 


If are sketchy and appear to have been written 
quickly, as if against a deadline Little or no men 
tion is made of a number of important topics of cur 
rent interest covered in recent papers, mecluding : the 


relation of the solubihzing power of a surtace-active 
material to its use as a hydrotropic agent, wetting 
agent, or detergent; improved quantitative evalua 


thon « the soil on textile or metal hetore and after 


wa and thre oft carboxyvmetl v1 
cellulose as an additive in textile detergents. to. re 
duce soil redepositior The general subject of foam 


ing is considered at length, bn 
ing measurement, the accuracy of these methods, and 


the appheation of foam fractionation to eliminate the 


ome surtace tenston-concentration curves 
ire not discussed The contact-angle theory 1s a 

epted and used without question, although a number 
of workers doubt ats) validity Some ot the state 
ments in the chapter on soils and soiimg are contrary 


work on and Dis a le 


quately covert The occurrence of sharp change 

surtace-active propertte ita simular narrow 

range ol concentrate it 1 the relat ol these 

cl tk noelte of il ! re pres¢ te and 

unimarized book could give mu iseful 

formation to one about to begin resear ! eter 
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gency, provided the reader realized that it is not 


many important helds 


Fundamentals of Synthetic Polymer Technol- 
ogy in Its Chemical and Physical Aspects. k 
Houwink. New York 


pany, 1949 


Elsevier Publishing Com 


248 pages. Price, $3.75 


(Reviewed by G. H. Fremon, Union Carbide and 
Carbon Corporation, South Charleston 
West Virginia) 


This volume presents a highly condensed review 


of virtually all aspects of al 


high polymers. The 
chemistry of polymerization; the pl vsics of macro 
molecules; methods of testing plastic materials in 
\merica, Great Britain, and Europe; basic processes 
for fabricating resinous materials; the manufacture 
of each of the major types of high polymers ; and the 
econonnes of the synthetic rubber, plastics, and syn 
thetic fibers industries—all of these receive attention 
Needless to say, the coverage is not very thoroug! 
as an example, only 19 pages are devoted to the tec! 
nology of polymers based upon cellulose—raw ma 
terials, preparation of derivatives and manutacture 


of lacquers, molded products 


cellophane, am thre 
Phe present work differs from the usual introduc 


tion to the field of high polymers in the proportion of 


space devoted to the physics and physical chemistry 
of polymerization and t 
cules, and in the array of fundamental phes 


mentioned The bibhography pertaming to tl 


of high-polymer science is not extensive 
nevertheless a. better yuice than one finds 
once-over ‘treatments 


In other respects, however, the comparisor 


so favorable The discussions of industrial activities 

are st) CONCETISC that this reviewer questlo 

usefulness; the langus is often awkward and 


laces, obscure > and many al the charts and 


factor than others already on tl ibrary shelt 
on the other hand, he oking prin 
brief introduction to the field of high-polymer 


4 
| 
“| 
ray 
4 
4 t it as 
4 
most 
Ve 
44 
to this reviewer eXperrence require a relatively high deyree ot concentration ot 
i On the tavoralble we. the book is attractive typ ittention on the part ot the reader 
rraphically, and no printing errors were noted. The The educate ivinan imterested primarily in ac 
wiring a nodding acquaintance with the whole high 
re polymers field n iv therefore tind this book less satis re 
but 
scl 
| 7 
Peas ence, the first three chapters may serve his purpose ae 
wdlequatels 
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